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1 Introduction

This Remedial Design Work Plan (RDWP) describes the process that will be used to design the
remedy for the upper reach of the Lower Duwamish Waterway (LDW) Superfund Site in King
County, Washington, as selected in the U.S. Environmental Protection Agency’s (EPA's)
November 2014 Record of Decision (ROD; EPA 2014). This RDWP was prepared on behalf of the
City of Seattle, King County, the Port of Seattle, and The Boeing Company, collectively referred
to as the Lower Duwamish Waterway Group (LDWG).

In December 2000, LDWG entered into an Administrative Order on Consent (AOC) for Remedial
Investigation/Feasibility Study (RI/FS) with EPA and the Washington State Department of
Ecology (Ecology) to conduct an RI/FS for the LDW. In September 2001, the LDW was formally
added to the National Priorities List as a Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA, or Superfund) site; in February 2002, Ecology listed the
LDW as a cleanup site under the Washington Model Toxics Control Act (MTCA). EPA and
Ecology have divided lead agency responsibility for addressing the site: EPA is responsible for
administering the cleanup of the sediments in the waterway, and Ecology is responsible for
controlling sources of pollution to the waterway. The Rl was completed in 2010 (Windward
2010) and the FS was completed in 2012 (AECOM 2012). A ROD was issued by EPA in 2014
(EPA 2014).

Four amendments to the AOC have been signed. The first amendment resulted in the fishers
study (completed in 2016). The second amendment (AOC2) involves an ongoing pilot study to
assess the effectiveness of activated carbon (AC) amendments to sand layer placement as a
remedial technology. The third amendment (AOC3) specified pre-design studies, including
collecting baseline data following early actions but before implementation of the full remedial
action, surveying waterway users to update information on uses of the waterway, and preparing
a design strategy report (Integral and Windward 2019) to help EPA ensure that all remedial
design (RD) data needs are addressed in the appropriate sequence. The fourth amendment
(AOC4), being addressed through this RDWP, addresses the RD of the upper reach of the LDW
(river mile [RM] 3.0 to RM 5.0).

1.1 Remedial Design Work Plan Objectives

The primary objective of this RDWP is to describe the process to develop detailed engineering
designs for the selected remedy for the upper reach of the LDW, as set forth in the ROD and
AQOC4. Consistent with Section 5.3 of the AOC4 statement of work (SOW), this RDWP shall
“include a proposed plan and schedule for implementing all RD activities for the LDW Upper
Reach and identification and development of all RD supporting documents” (EPA 2018).
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1.2 Remedial Design Work Plan Overview
This RDWP is organized as follows:

e Section 1 introduces the RDWP; describes the site and selected remedy; discusses the
general approach to remedial contracting, construction, maintenance, monitoring, and
institutional controls; and describes RD project management.

e Section 2 describes existing data.

e Section 3 describes the engineering design process of the RD.

e Section 4 describes additional activities that will support the RD process.

e Section 5 presents the physical conceptual site model (CSM) for the upper reach,
including expected outcomes of the remedial action.

e Section 6 describes the RD deliverables.

e Section 7 presents the RD project schedule.

e Section 8 provides a list of references cited in this RDWP.

e Appendix A includes tables and figures extracted from the LDW Superfund ROD
(November 2014) and a subsequent revisions memorandum (EPA 2015a).

e Appendix B provides a longitudinal cross section figure of the navigation channel
excerpted from the Final Feasibility Study for the LDW.

e Appendix C is the Draft Pre-Design Investigation Work Plan (PDIWP).

e Appendix D provides the Quality Assurance Project Plan (QAPP) for pre-design surveys
of the LDW upper reach.

1.3  Site Description

The Duwamish River originates at the confluence of the Green and Black rivers near Tukwila,
Washington, and flows northwest for approximately 12 miles, splitting at the southern end of
Harbor Island in Seattle, Washington to form the East and West Waterways, prior to discharging
into Elliott Bay in Puget Sound (Figure 1-1). In the early years of the twentieth century, the last

6 miles of the Duwamish River were straightened and channelized into a commercial corridor for
ship traffic, officially designated as the Lower Duwamish Waterway (LDW) and the East and West
Waterways (located near the river mouth). The LDW spans 5 miles from the southern tip of
Harbor Island to just upstream of the Turning Basin.

The upper reach of the LDW extends from a bridge on South 102nd Street at the southern end
of the LDW (RM 5) to Duwamish Waterway Park (RM 3) (Figure 1-2). The upper reach includes
the Turning Basin (RM 4.6 to RM 4.7) and a federal navigation channel (FNC), both of which are
maintained by the U.S. Army Corps of Engineers (USACE). In this reach, the authorized
navigation channel width is 150 feet and the authorized depth is -15 feet mean lower low water
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(MLLW). The upper reach consists of 132 acres of intertidal and subtidal habitat. The average
width of the upper reach is 540 feet.

Comprehensive descriptions of the LDW environmental and physical site characteristics are
presented in the Lower Duwamish Waterway Remedial Investigation Report (Windward 2010),
Final Feasibility Study, Lower Duwamish Waterway (AECOM 2012), and the ROD (EPA 2014).

1.4 Selected Remedy Summary

The selected remedy for the LDW is described in Section 13 of the ROD (EPA 2014). It addresses
unacceptable human health risks associated with consumption of resident fish and shellfish, and
with direct contact (skin contact and incidental ingestion of sediment) from net fishing,
clamming, and beach play. It also addresses ecological risks to bottom-dwelling organisms
(benthic invertebrates) and wildlife.

Remedial action levels (RALs) are contaminant concentrations that apply in sediment to specific
locations and depths on a point-by-point basis (EPA 2014). Per the ROD, RALs are used to
delineate areas that require active remediation. These RALs are dependent on the location,
elevation type (i.e., intertidal vs. subtidal), Recovery Category, and depth interval in the sediment
(e.g., 0 to 10 centimeters [cm]). In the intertidal areas, RALs apply to depth intervals of O to

10 cm and 0 to 45 cm. In the subtidal areas, RALs apply to depth intervals of 0 to 10 cm and 0 to
60 cm.! Shoal areas? within the FNC also have their own set of RALs. ROD Table 28 (included in
Appendix A of this report) summarizes the RALs for each of the contaminants of concern (COCs).
More information on RALs is presented in Section 2.2.1 of the PDIWP (Appendix C).

Based on RI/FS data, ROD Figure 18 (included in Appendix A of this report) shows the following
remedial actions and estimated areas for the upper reach:
e Dredge or partially dredge and cap approximately 25 acres (19% of upper reach) of
contaminated sediment.
e Place a thin layer (nominal 6 to 9 inches) of clean material, which may be combined with
in situ treatment, on approximately 1.4 acres (1% of upper reach) of sediment in areas
that meet the criteria for enhanced natural recovery (ENR).

1 Subtidal RALs applicable to the 0- to 60-cm depth are dependent on Recovery Category designation and potential
tug scour areas (see ROD Table 28 [included in Appendix A of this report] for additional details).

2 Shoaled areas are defined as areas within the FNC with sediment accumulations above the authorized navigation
depth.
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e Apply location-specific cleanup technologies to approximately 0.2 acre (0.1% of upper
reach) of contaminated sediment in the underpier area of Slip 6 and any other areas with
structural or access restrictions (e.g., underpier areas and in the vicinity of
dolphins/pilings, bulkheads, and riprapped or engineered banks). The underpier area of
Slip 6 is assigned a cap on ROD Figure 18 (Appendix A).

e Implement monitored natural recovery (MNR) in approximately 88 acres of sediment:

- MNR Above Benthic Sediment Cleanup Objectives (SCOs): Surface sediment
contaminant concentrations are greater than benthic SCOs but below RALs in
approximately 5.8 acres (4.4% of upper reach).

- MNR Below Benthic SCO: Surface sediment contaminant concentrations are
already below the benthic SCO in approximately 80 acres (61% of upper reach).

Early action areas (EAAs) comprise the remaining 19 acres (14%) in the upper reach and were
identified for early cleanup actions during the Rl phase to accelerate cleanup and hence reduce
risks of exposure. The EAAs in the upper reach are detailed in Section 2.3.1.

The estimates of areas, volumes, and remedial construction time frame for the selected remedy
are based on RI/FS data and analyses and other information included in the ROD (EPA 2014).
These estimates will be refined during RD, based on area-specific pre-design investigations
(PDlIs), engineering analyses, updated Recovery Category assignments, and remedial technology
assignment methodology identified on ROD Figures 19 through 233 (included in Appendix A of
this report).

1.5 General Approach to Contracting, Construction, Operation,
Maintenance, and Monitoring for the Upper Reach

This section briefly describes options for remedy construction procurement; construction; and

operation, maintenance, and monitoring with details to be developed during RD. Contracting for

implementing the upper reach remedial action will be undertaken by an entity to be determined,

which is referred to as the “implementing entity” in this document.

1.5.1  Contracting

The implementing entity will establish contractor selection criteria. The implementing entity will
also develop its preferred contracting approach, including number of contracts, breakdown of
work between contracts (if multiple contracts are used), insurance and bonding requirements,

3 ROD Figure 19 and Figure 20 (as revised in the ROD Errata Correction Memo [EPA 2015]) present design criteria flow
diagrams to determine appropriate active cleanup technologies to be applied to intertidal and subtidal areas,
respectively. ROD Figure 21 presents the design criteria flow diagram to apply MNR in areas that are not subject to
active remediation. ROD Figures 22 and 23 list the RALs and applicable depth intervals for intertidal and subtidal
areas, respectively.
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and contract administration processes. The design to be developed under this RDWP is assumed
to be implemented using a design-bid-build project delivery method; however, that approach
may be reevaluated during or after the RD is completed. LDWG, or the implementing entity, will
coordinate with EPA on any anticipated changes to the project delivery method.

1.5.2 Construction

Remedial construction of the upper reach will proceed following source control sufficiency
determinations, as described further in Section 4.12. In-water construction activities will occur
during fish windows designated for the LDW (generally from October through February) to
protect threatened or endangered species under the Endangered Species Act. Remedial
construction for the upper reach may span over multiple seasons, as defined by the fish
windows.

The implementing entity will provide overall quality assurance (QA) of remedial action
construction. The implementing entity will execute the Construction Quality Assurance Plan
(CQAP), which will be developed during RD consistent with the requirements of AOC4 SOW
Section 5.10(b) (EPA 2018). The CQAP will describe QA activities that the implementing entity
will perform before, during, and after construction. These QA requirements will include
construction administration, on-site inspection, environmental monitoring, sediment
confirmatory sampling, and communication or coordination with EPA.

The selected construction contractor will be responsible for providing quality control of its work.
The bid document specifications will identify pre-construction and construction submittals that
must be prepared by the contractor, and contractor quality control requirements during
construction. Anticipated pre-construction and construction submittals that the selected
construction contractor will be required to prepare are described in Section 3.10.

1.5.3  Maintenance and Monitoring, and Institutional Controls

The purpose of the Long-Term Maintenance and Monitoring Plan (LTMMP) is to ascertain
attainment of cleanup levels and compliance with applicable or relevant and appropriate
requirements (ARARs), to protect the integrity of the remedial actions, and to aid in the
evaluation of source control effectiveness. The final LTMMP will describe details of long-term
monitoring and maintenance, including performance standards; sampling type, density, and
frequency; interim benchmarks; and associated follow-up actions, as well as maintenance of
remedy elements such as caps and ENR areas.

The LTMMP will be developed in accordance with Guidance for Management of Superfund
Remedies in Post Construction (EPA 2017). The LTMMP will include both LDW-wide monitoring
elements as well as elements specific to the remedy in the upper reach, such as specific
monitoring requirements for caps, ENR, and MNR areas. It is expected that the LTMMP will be

Remedial Design Work Plan

Lower Duwamish Waterway Group 5 | December 2019

Port of Seattle / City of Seattle / King County / The Boeing Company



amended to include specific requirements for the middle and lower reaches following their
construction. Per the AOC4 SOW (EPA 2018), the Preliminary (30%) RD shall develop an outline
of the LTMMP and the Pre-Final (90%) RD shall develop an annotated outline. The LTMMP will
remain as an annotated outline in the Final (100%) RD. The implementing entity will complete
and implement the LTMMP after construction is completed.

An annotated outline of a Sediment Remedy Institutional Controls Implementation and
Assurance Plan (Sediment Remedy ICIAP) will also be developed in conjunction with the LTMMP
per AOC4 SOW (EPA 2018). The final Sediment Remedy ICIAP will identify the institutional
controls necessary for the physical remedial actions. The Sediment Remedy ICIAP will include an
evaluation of the most appropriate institutional, proprietary controls and location-specific use
restrictions needed to ensure long-term effectiveness of the remedial action, consistent with
Section 13.2.4 of the ROD (EPA 2014).

The Sediment Remedy ICIAP will be developed in accordance with Institutional Controls: A Guide
to Planning, Implementing, Maintaining, and Enforcing Institutional Controls at Contaminated
Sites (EPA 2012a) and Institutional Controls: A Guide to Preparing Institutional Controls
Implementation and Assurance Plans at Contaminated Sites (EPA 2012b). For the protection of
risks to human health from seafood consumption, EPA and Public Health Seattle-King County
established a community-based Healthy Seafood Consumption Institutional Control Program for
the LDW Superfund Site (US EPA’s Institutional Control Implementation and Assurance Plan
[ICIAP] for Seafood Consumption at the Lower Duwamish Waterway [LDW] Superfund Site [Public
Health Seattle and King County 2019]). To avoid redundancy, the Seafood Consumption ICIAP
will refer to the Institutional Control Program for institutional controls related to human health
risks from seafood consumption.

Like the LTMMP, the Sediment Remedy ICIAP annotated outline will be developed for the entire
LDW and will provide additional detail related to the upper reach remedial actions. The
Sediment Remedy ICIAP will be updated with information for the other reaches following design
of those reaches.

Per AOC4 requirements, the Preliminary (30%) RD will prepare an outline of the Sediment
Remedy ICIAP; Final (100%) RD will prepare an annotated outline of the Sediment Remedy
ICIAP. The implementing entity will complete and implement the Sediment Remedy ICIAP after
construction is completed.
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1.6 Remedial Design Project Management

1.6.1  Agency Oversight and Stakeholder Process

EPA will provide oversight for the RD process; USACE is EPA's technical advisor. Ecology and
LDW stakeholders will review RD progress and provide input in accordance with the review
process established by EPA. In general, this process involves LDWG submitting draft deliverables
to EPA, who obtains stakeholder input. LDWG will address EPA comments and will submit
revised deliverables to EPA. Figure 1-3 provides a schematic of the agency oversight and
stakeholder relationships.

1.6.2 Respondent Team Organization, Responsibilities, and Authorities

Anchor QEA, LLC (Anchor QEA) is coordinating activities for LDWG, managing the team of
subcontractors, and leading the RD for the upper reach of the LDW. Windward Environmental is
leading the pre-design investigation, database management, and development of monitoring
plans. Bright Engineering is leading structural and civil engineering support activities, and Long
Bay Enterprises is leading site access and real estate support. The key personnel list is provided
in Table 1-1.

Table 1-1
Key Personnel
Title Name Firm Name
Project Manager Tom Wang, PE Anchor QEA
Project Engineer John Laplante, PE Anchor QEA
Remedial Sample Design Lead Kathy Godtfredsen, PhD Windward Environmental
Lead Geotechnical Engineer Matt Woltman, PE, LEG Anchor QEA
Lead Structural Engineer Ade Bright, PE, SE Bright Engineering
Field Lead Susie McGroddy, PhD Windward Environmental
Data Management Lead Kim Goffman Windward Environmental
Real Estate Lead Cynthia Berne Long Bay Enterprises

Other supporting contractors include: ECOSS, a Duwamish River community-based organization
that will provide community engagement support and will advise LDWG on equity and social
justice opportunities; TerraStat, which will provide statistical analysis support; and Stell
Environmental Enterprises, which will provide archaeology support.
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1.6.3 Communications

Monthly meetings will be held with EPA. Additional meetings will be scheduled at the request
and discretion of EPA. In addition, as LDWG develops information during RD, EPA will present
information and receive input through the Community Involvement process, which includes the
Roundtable and potentially other public forums. The objective of the Roundtable forum is to
discuss and identify ways to mitigate the potential impacts of the cleanup on affected
communities, businesses, and waterway users. To address outreach activities during
construction, a Community Outreach and Communications Plan will be prepared as part of the
Pre-Final (90%) RD.
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2 Existing Information Review

This section briefly summarizes site conditions in the upper reach that are relevant to
developing the RD, references existing reports where additional information can be found, and
reviews how this information will be used during the RD process. This section is based primarily
on information developed for the LDW RI (Windward 2010) and FS (AECOM 2012), augmented
with recent information in the following documents:
e Technical Memorandum: Compilation of Existing Data (Windward and Integral 2018)
e Lower Duwamish Waterway Surface Sediment Data Report (Windward 2019a)
e Baseline Surface Water Data Collection and Chemical Analysis Data Report (Windward 2019b)
e Lower Duwamish Waterway Baseline Seep Data Report (Windward 2018a)
e Lower Duwamish Waterway Fish and Crab Data Report (Windward 2018b)
e Lower Duwamish Waterway Clam Data Report (Windward 2019¢)
e Recovery Category Recommendations Report (Integral et al. 2019)
e Design Strategy Recommendations Report (Integral and Windward 2019)
e Draft Lower Duwamish Waterway Data Evaluation Report (Windward 2018c)
e Year 1 Monitoring Report, Enhanced Natural Recovery/Activated Carbon Pilot Study (Wood et
al. 2019)
o  Waterway User Survey and Assessment of In-Water Structures — Data Report (Integral et al.
2018)

The chemical data in these reports were not collected for RD purposes.

2.1  Physical Conditions

The physical conditions of the LDW were described in the Rl and FS. The sediment transport
dynamics were evaluated in the sediment transport model (STM) as documented in Lower
Duwamish Waterway Sediment Transport Analysis Report (Windward and QEA 2008) and Lower
Duwamish Waterway Sediment Transport Modeling Report (QEA 2008). This section discusses the
following physical site conditions in the upper reach:

e Geology and Hydrogeology

e Geomorphology

e Bathymetry

e Hydrodynamics and Sediment Transport

e Stratigraphy and Geotechnical Characteristics

e Infrastructure

e Banks

e Debris
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2.1.1 Geology and Hydrogeology

The complex geology and hydrogeology of the Duwamish River basin are discussed in

RI Section 2.5 and summarized in FS Section 2.1.3. The Duwamish River valley can be generally
described as a glacial trough filled with alluvial deposits to a depth of as much as 200 feet below
ground surface (FS Figure 2-3 [included in Appendix B of this report]). These deposits are
underlain by either the bedrock unit or dense glacial deposits and non-glacial sedimentary
deposits.

Within the LDW, native alluvium layers (consisting of sand, silt, gravel, and cobbles in the upper
alluvium) are overlain by recently deposited organic sand and silt from upstream and lateral
sources. The chemical characteristics of recently deposited sediment are discussed in Section 2.2
of this report. The physical properties of recently deposited sediment are summarized in RI
Sections 2.5.4 and 2.5.5.

The groundwater system in the Duwamish River valley is described in Rl Section 2.5.6. Native
alluvium layers form the principal aquifer and groundwater pathway for the Duwamish River
basin, and groundwater flow rates and gradients vary greatly. Groundwater flow near the LDW is
generally toward the LDW; however, high tides cause temporary groundwater flow reversals
close to the waterway. Areas subject to tidal influence are generally within 330 feet to 500 feet
of the LDW bank (Booth and Herman 1998). Vertical flow gradients (both upward and
downward) near the LDW develop from the complex interactions between groundwater, soil
stratigraphy, infiltration of rainwater, and infiltration of tidally influenced LDW surface water
(including higher density brackish water). Where downward gradients intersect with upward
gradients, the interaction has the potential to cause shallower groundwater to flow toward the
LDW and discharge as seeps in the intertidal zone (Rl Section 2.5.6.1).

During RD, hydrogeology information will be used in the following ways:

¢ RD capping design will consider advection of groundwater through areas that will receive
a cap, similar to previous analyses performed within the LDW for EAAs. The rate of
advection will be determined based on available data on the groundwater aquifer in the
Duwamish River basin.

e RD will use local hydrogeologic data to select inputs to slope stability analyses.

2.1.2 Geomorphology

As described in Rl Section 2.2 and FS Section 2.1.3, the LDW historically was a naturally
meandering estuary that was extensively modified over the past 100 years or longer to
straighten the waterway for navigation purposes by dredging and filling. Tide flats and
floodplains were filled to straighten the river channel and to create upland areas for
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development, resulting in the abandonment of almost 3.7 miles of the original meandering river
bed. Current side slips in the LDW are remnants of these old river meanders.

The current configuration, established in the early 1900s, consists of the FNC and Turning Basin,
off-channel intertidal benches and banks, slips, and numerous berthing areas along the banks.
The FNC has been frequently dredged for navigational purposes. Material excavated during
dredging events to straighten and deepen the FNC in the early 1900s was used to fill the old
meanders and the lowlands to bring them up to elevations similar to those of the surrounding
uplands. Subsequent filling of the lowlands for continued development resulted in a surficial
layer of fill in the vicinity of the LDW. The current shoreline includes armored banks, unarmored
banks, dock faces, and vertical bulkheads (Figure 2-1).

Information on the geomorphology of the upper reach will be used during RD in the following
way:
e Bank erosion potential will be considered as part of recontamination evaluations and to

inform the need to collect bank samples to characterize chemical concentrations on the
bank.

2.1.3  Bathymetry

Approximately 55 acres of the upper reach are considered intertidal, with bed elevations
between 11.3 feet MLLW (equivalent to mean higher high water [MHHW]) and -4 feet MLLW
(Table 2-1). Approximately 76 acres of the upper reach are considered subtidal, with bed
elevations below -4 feet MLLW. A 2019 bathymetric survey has been performed as part of RD for
the upper reach, and thus these acreages will be updated once the new bathymetric data are
available. These acreages are based on 2003 bathymetric survey elevations of the LDW as shown
in Figure 2-2. Within the subtidal area of the upper reach, the FNC comprises 32 acres and is
authorized to -15 feet MLLW.
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Table 2-1

Overview of Areas Depicted in the ROD in the Upper Reach (RMs 3.0 to 5.0)

Upper Reach
(Excluding EAAs)
Area Designation (acres) EAAs (acres)?® Total (acres)
Total Area 112 19 132
Bathymetric Elevations®
Intertidal 44 11 55
Subtidal 68 8 76
Areas of Interest for Site Use, Sediment Exposure, and Engineering Design (Areas May Overlap)
Beach Play 23 0 23
Potential Clamming 37 11 48
Federal Navigation Channel 29 2.8 32
Berthing Areas 3.7 0 3.7
Under Pier 0.6 0 0.6
Recovery Categories®
Category 1 32
Category 2 11
Category 3 61 N/A
Not designated 9.6
Total 112
Preliminary Remedial Technology Assignments®
Dredge 22
Partial Dredge and Cap 29
Cap 0.2
ENR/in situ 1.4 N/A
MNR > SCO 5.8
MNR < SCO 80
Total 112
Notes:

Areas are rounded for presentation.

a. EAAs have been adjusted from the areas depicted in the ROD based on as-built reports for Boeing Plant 2 and Terminal
117.

b. Based on the 2003 bathymetric survey; will be adjusted during RD.

c. Recovery Category areas have been adjusted slightly from the Recovery Category Recommendations Report (Integral et al.
2019) to reflect EAA boundary adjustments described in note a. Recovery Category boundaries will be adjusted during RD
based on criteria in the ROD. As noted in the ROD, the area of the LDW upstream of RM 4.75 (but not part of the EAASs)
was not assigned to one of the three Recovery Categories because it is upstream of the area represented by the sediment
transport model. This area is listed in the table as a Not Designated area equal to 9.6 acres.

d. Preliminary technology assignment areas have been adjusted slightly from the ROD to reflect EAA boundary adjustments
described in note a. Remedial technology areas will be adjusted during RD based on criteria in the ROD.
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Bathymetric information will be used in RD in the following ways:

Evidence of scour will be evaluated using high-definition survey images (i.e., sun-

illumination maps). This information will be used to evaluate whether refinements to

Recovery Category designations are needed.

The deepest historical dredging within the FNC will be evaluated using available historical

dredging bathymetric records. This information will be considered in estimating the

maximum potential vertical extent of contaminated sediment and selecting core intervals

for analyses where vertical extent is to be determined in the PDI.

Bathymetric information of current conditions is used to determine the appropriate RAL.

The applicable RAL depends upon the bathymetric elevation of a remedial action area
(see ROD Table 28; Figure 2 of the PDIWP [Appendix C]) as follows:

Intertidal areas (defined as above -4 feet MLLW) have different RALs and vertical
points of compliance than subtidal areas.

The ROD defines “potential tug scour areas” as between -4 feet MLLW and -18 feet
MLLW?; these areas have a subsurface RAL for polychlorinated biphenyls (PCBs) in
Recovery Category 2/3 areas.

Shoaled areas of the FNC (i.e., areas shallower than the authorized FNC elevation of
-15 feet MLLW) have RALs that apply to sediments above the authorized FNC
elevation plus 2 feet of overdredge (i.e., sediment above -17 feet MLLW in the
upper reach).

The remedial technology selection and design will be informed by current condition

bathymetric elevations as follows:

Material placement must leave sufficient clearance in the FNC and berthing areas
for vessels and future maintenance dredging.

Dredging and capping will be designed to minimize changes in upper reach net
habitat areas including the following: 1) the net aquatic area (i.e., the surface area
below MHHW); and 2) the net areas of elevation bands of most value for habitat,
such as lower intertidal and shallow subtidal elevation ranges.

Slopes where active remediation is occurring will be evaluated for stability.

4 Per Table 28 of ROD, the -18 feet MLLW applies south of the 1st Avenue South Bridge.
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2.1.4  Hydrodynamics and Sediment Transport

The hydrodynamics and sediment transport of the LDW (summarized in RI Section 2.6 and
FS Section 2.1.3) were modeled during development of the STM.

The upper reach is an estuary environment, with freshwater entering from the Green/Duwamish
River system and saltwater originating from Puget Sound. The location of the interface between
freshwater and marine layer flows, referred to as the saltwater wedge, is variable within the
upper reach depending upon both river flow and tidal stage. During times of high river flow and
low tide stages, the saltwater wedge does not enter the upper reach, whereas during low-flow
conditions and high tide stages, the saltwater wedge can extend upstream of the upper reach.
The upstream location or “toe” of the saltwater wedge is typically located between Slip 4

(RM 2.8) and the Turning Basin (RM 4.7).

River bottom velocities vary greatly within the upper reach depending upon the river flow rate
and the presence or absence of the saltwater wedge at a given location and time. The saltwater
wedge tends to reduce flow velocities near the river bottom because the less dense freshwater
of the river will flow on top of the saltwater wedge; therefore, river bottom velocities are higher
when the saltwater wedge is downstream of the upper reach. Additional detail on the
hydrodynamics of the LDW is available in the recent University of Washington study (Horner-
Devine et al. 2017), which suggests that the salt wedge can extend upstream of the Turning
Basin (RM 4.7) higher than previously modeled, depending on tides and river discharge. Future
sea level rise will affect the upstream extent of the salt wedge. The potential change to the
upstream extent of the salt wedge does not change the physical conceptual site model
(Section 5) and will not affect the remedial design; design criteria will be based on high flow and
high-velocity events.

Based on the STM, approximately 220,000 metric tons of upstream sediment and 1,100 metric
tons of sediment from lateral loads enter the LDW annually (Figure 2-3). Approximately
81,000 metric tons of the sediment is deposited between RM 4.0 and RM 4.9 where the water
velocity is reduced due to the widening and deepening of the LDW (i.e., the Turning Basin and
the FNC) compared to upstream. The STM values cited in the text are based on estimates
developed during the RI/FS process, which included an uncertainty and sensitivity analysis.
STM bounding runs conducted during that process included runs with upstream sediment
inputs similar to the new, lower estimates for upstream loads produced by the U.S. Geological
Survey (Senter et al. 2018).

A further assessment of the effects of differences in upstream inputs was conducted (Effects of
Changes in Estimated Upstream Sediment Load on Lower Duwamish Waterway Sediment Transport
Modeling; Recovery Category Recommendations Report - Appendix A [Integral et al. 2019]). Because
the STM is calibrated to empirically measured sedimentation rates, the lower estimate of sediment
load entering the LDW from upstream made by the U.S. Geological Survey resulted in only small

Remedial Design Work Plan

Lower Duwamish Waterway Group 14 | December 2019

Port of Seattle / City of Seattle / King County / The Boeing Company



changes to the STM-modeled sedimentation rates within most of the LDW. Therefore, consistent
with the conclusions of the Appendix A memorandum (Integral et al. 2019), the STM sedimentation
rate values from the RI/FS process have been retained for use in RD.

The STM scour depth is based on a 100-year high-flow event. Modeling analyses have shown
that a 500-year high-flow event results in scour depths similar to the 100-year flow event
because of morphological characteristics upstream of the LDW and flow regulation by the
Howard Hanson Dam.

Hydrodynamics and sediment transport information will be used in RD in the following ways:

e Capping design will use predicted maximum river flow velocities generated by the
hydrodynamic model to develop cap design criteria (along with other currents and wave
conditions such as propeller wash [propwash] and wakes).

e The STM 100-year scour predictions and estimated net sedimentation rates were used to
define Recovery Category areas, which inform the technology selection based on ROD
Section 13.2.

2.1.5 Stratigraphy and Geotechnical Characteristics

As described in Section 2.1.1, the Duwamish River valley is generally a trough filled with alluvial
deposits; the upper horizons of these have been dredged and filled in the current waterway
configuration. The LDW is a net depositional environment, with organic-rich, soft, recent
sediment deposited on native alluvium. The effects of contaminant releases, when present, are
observable in these soft, recent sediments deposited in the LDW after industrial development.
Therefore, the depth to the top of native alluvium represents the maximum potential vertical
extent of contamination (see FS Figure 2-3 [included in Appendix B of this report]). This assumes
no subsurface (i.e., groundwater) source of contamination, consistent with Rl conclusions (e.g.,
RI Section 9.4.6 and Quality Assurance Project Plan: Porewater Sampling of the Lower Duwamish
Waterway [Windward 2005]).

Limited geotechnical data characterizing the LDW sediments are summarized in FS Section 2.6.2.
Sediment composition varies throughout the LDW, ranging from sand to mud (fine-grained silt
and clay) with varying amounts of organic material, depending on the source of the sediments
and the local current velocity. Silt with varying amounts of organic material is the dominant
sediment type in much of the LDW main channel and in the slips. A mixture of silt and sand
dominates the subsurface sediment upstream of the Turning Basin.
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The stratigraphy and geotechnical properties of recent sediment (deposited after development
of the LDW) will be used in the following ways:

¢ In the PDI, sediment cores in potential dredging areas will identify the thickness of
sediment units below mudline. In potential dredging areas, the depth to the top of the
native alluvium layer in previously collected cores or observed in the field will help to
inform the vertical elevation to analyze core samples during PDI Phase II.

¢ In the PDI, for banks with known or suspected contaminated sediment, the thickness of
soft sediment deposited over the existing riprap layer on armored banks will be evaluated
to help define the potential extents and quantities of contaminated sediment overlying
riprap-armored banks.

e The Basis of Design Report (BODR) will describe the geotechnical properties of the
sediment layers to identify stable slope angles that can be achieved during dredging and
capping remedial action.

e The compressibility and shear strength of soft sediment will be evaluated in PDI Phase I
to develop specifications for placement activities (e.g., capping, ENR, residuals
management cover [RM(]) to account for potential compaction or bearing strength
failure of the substrate during placement.

e Bank caps will be designed to be statically stable and will be evaluated for seismic risk.

e Geotechnical properties such as density and shear strength will be used to evaluate the
ease with which sediment can be dredged with standard equipment.

2.1.6  Infrastructure

Existing infrastructure located within the upper reach was described in the FS (Section 2.6), and
additional information on in-water structures has been summarized in Waterway User Survey
and Assessment of In-Water Structures — Data Report (Integral et al. 2018). As shown in

Figure 2-4, infrastructure includes waterfront facility berthing, overwater structures (e.g., piers,
docks, floats, bridges, flow diversion structures, covered boat slips), piling (e.g., erosion control
structures, fendering, mooring piles), bridges, and utilities (e.g., underwater cables and pipe
structures, overwater cables, storm drains [SDs], outfalls). Where outfalls or pipes with unknown
origins are present in areas with active remediation or MNR to benthic SCO, additional
information will be acquired and included in the RD documents. In addition, bank infrastructure
includes armored banks and bulkheads (Figure 2-1). RD will take into account, and will not
preclude, reasonably anticipated future land uses.
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Infrastructure is assumed to remain intact during PDI. During RD, any changes to infrastructure
will be tracked through coordination with waterway users (see Section 4.11). During RD, the
location, condition, and type of infrastructure will be considered for the following purposes:

e Potential impacts to existing infrastructure from remedial actions will be evaluated (e.g.,
considering stability of structures and banks adjacent to dredging or capping areas).

e Protective setback distances from existing structures and other protective measures will
be determined to prevent adverse impacts.

e Remedial technologies that can be effectively used adjacent to existing infrastructure will
be determined through assessing constructability (e.g., considering equipment access
constraints) and equipment capabilities during RD.

e Costs of protective measures versus demolition and replacing in-kind will be evaluated if
appropriate. This is a standard practice of design, is an iterative process (beginning as
early as the Preliminary [30%] RD step), and is incorporated into the next design draft
after it is conducted.

e Potential impacts of remedial action on maintenance, repair, or replacement of existing
infrastructure.

2.1.7 Banks

LDW upper reach banks are defined as the transition area from the LDW subtidal or intertidal
bed to the upland areas above MHHW. The banks are typically delineated as starting at the toe,
where the relatively flat waterway bed (which will vary in elevation) begins to steeply slope to
the top of bank (i.e., area where the slope flattens in the upland and is located above MHHW).
The toe of banks can significantly vary in elevation because banks may be adjacent to berthing
or navigation areas (with toe of bank elevation controlled by navigation needs) or banks may be
adjacent to intertidal mudflats.

Bank conditions in the LDW have been characterized by Ecology (summarized in

FS Section 2.6.3), and complemented by recent sampling by LDWG at Ecology’s request. The
upper reach includes 2.7 miles of armored banks, 1.6 miles of unarmored banks, 0.7 mile of dock
faces, and 0.6 mile of vertical bulkheads (Figure 2-1). For RD purposes, armored banks are
defined as bank areas that have an engineered surface armoring (e.g., riprap armoring, gabion
armoring, bulkhead [sheetpile, concrete]) to prevent bank erosion. Banks that have no armoring
or that consist of poorly placed or maintained armoring such that significant gaps in armoring
exist (e.g., banks with intermittently exposed soil) will be considered to be unarmored banks. The
RD will investigate upper reach bank areas during the Phase Il PDI that are adjacent to active
remedial action areas delineated through the PDI Phase | data evaluation. During Phase Il PDI,
the RD may need to investigate upper reach bank areas that have evidence of erosion (as
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identified through the PDI Phase | data evaluation) and that have evidence that the area may be
a potential source. During the RD, bank information will be used in the following ways:

Bank conditions (e.g., armored vs. unarmored) adjacent to active remedial action areas
will be factored into RD. For example, dredging and capping design will need to account
for existing armored and unarmored banks to maintain bank stability by considering
appropriate construction offsets or bank redesign requirements.

For applicable bank areas adjacent to active remedial action areas or that may be a
potential source of contamination to LDW, banks will be evaluated for geotechnical
stability and potential for erosion. Eroding banks adjacent to active remedial areas will be
evaluated as potential sources. Eroding banks that are not source material and not above
RALs will not be addressed by the RD. The source evaluation will consider chemistry data
(historical and PDI data), bank physical conditions (e.g., visible erosion, oversteepening or
undercutting), and the presence and condition of bank armoring, in coordination with
EPA and Ecology (see Section 4.12).

If a bank area is contiguous to an area of sediment RAL exceedances and/or is identified
as a potential source, additional coordination with EPA and Ecology will be required
during the Preliminary (30%) and Intermediate (60%) RD stages to inform the sediment
and bank remedial design plan, in conjunction with potential upland cleanup actions.®
Following PDI Phase | data evaluation, additional bank characterization may be required
in bank areas. Bank areas with RAL exceedances below MHHW will be part of the RD plan;
bank contamination above MHHW will be identified as potential sources.

Sedimentation on bank riprap armor occurs mostly from natural river processes, including
ongoing deposition and/or scour during various flow events, and may also have
contribution from lateral discharges and suspended sediments from vessel propwash. In
remedial action areas, the thickness of soft sediment over existing riprap used to armor
banks will be evaluated to help define the potential extents and quantities of
contaminated sediment overlying riprap-armored banks in PDI Phase Il, using jet-probing
or coring as appropriate.

> In accordance with the Memorandum of Agreement (MOA; EPA and Ecology 2014), EPA and Ecology will coordinate
before initiating active in-waterway cleanup to ensure that sources have been sufficiently controlled. In addition, the
MOA states as follows:

Lower Duwamish Waterway Group

EPA intends to provide Ecology with the baseline monitoring data and remedial design data required by the
ROD for the area targeted for active in-waterway sediment remediation activities at least six months prior to
the anticipated date that a source control sufficiency evaluation and recommendation is needed.

Ecology will coordinate with EPA in preparing source control sufficiency evaluations for areas targeted for
active in-waterway sediment cleanup activities and will submit associated recommendations to EPA for its
concurrence.
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e Toinform RD (such as volume calculations, excavation, backfilling, and armoring design),
topographic surveys will be performed on bank areas that are determined to require
active remedial action or other actions that may be needed to support remedial activities
(e.g., habitat mitigation, site access or staging areas, potential source locations if
applicable). The PDI Phase | (and potentially Phase Il) Data Evaluation Report will identify
bank topographic characterization needs in coordination with EPA and will identify
appropriate topographic data collection methods.

2.1.8 Debris

The presence of debris within the LDW was discussed in FS Section 2.6.1.3. Debris is common in
industrial waterways such as the LDW, deposited over decades of waterway use. Submerged and
emergent debris will impact the implementation of remedial technologies. For example, larger
debris (larger than 1 meter in size) or significant quantities of debris can reduce mechanical
dredging production rates and increase dredge residuals.

As with many industrial waterways, much of the debris in the LDW is likely to be beneath the
mudline and may or may not be visible or detectable at the surface. While it is not possible or
necessary to fully inventory all debris, efforts are made in RD to identify observable large debris,
and the specifications will require the contractor to be prepared to manage debris in any
location. Identifying debris during RD will be accomplished using the following methods:
e The bathymetric survey will be used to identify potential near-surface debris. Debris on
the order of a meter in size can typically be seen in high-resolution bathymetric surveys.
e Visual debris surveys of intertidal areas will be conducted at low tide in active remediation
areas during PDI (Phase II).
e Focused debris surveys (e.g., side scan sonar, diver inspection survey) may be conducted
(if determined to be needed) in dredging and capping areas during PDI (Phase Il or Il).
Site history will be reviewed to identify areas with potential subsurface obstructions
(e.g., pile stubs).

Debris will be factored into the RD and remedial action in the following ways:
e The quantity, type, and size of observed debris will inform remedial equipment selection
or design details.
e To the extent available, debris characterization information will be included in the bid
document plans and specifications to inform the selected contractor about site conditions
and guide the contractor’s selection of construction equipment.
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e The contractor’'s Remedial Action Work Plan (RAWP) will develop an approach to remove
and manage debris encountered during construction, with the expectation that debris
may be encountered anywhere and equipment shall be capable of managing it.

2.1.9 Dredged Areas in the LDW Upper Reach

Maintenance dredging has been performed in the FNC and in select berth/marina areas within
the upper reach. PDIWP Map 17 depicts locations where dredging events since 1992 have been
completed.

2.2 Sediment Chemistry Information

Existing sediment chemistry data have been summarized in the RI, FS, and in recent RD relevant
data reports listed in Section 2. In addition, an evaluation of existing chemistry data is included
in the PDIWP (Appendix C).

Additional sediment chemistry data will be collected in PDI Phases | and Il (and Phase Ill if
needed). Sediment chemistry data are the key part of RD, as discussed further in Section 3, and
will be used for the following purposes:
e Establishing horizontal extents of contamination (i.e., areas exceeding RALs; Section 3.3)
e Evaluating contaminant trends in the surface sediment and shallow subsurface sediment
as a line of evidence to evaluate Recovery Category designations (Section 3.4)
e Applying remedial technologies (i.e., delineating areas exceeding technology-specific
upper limit concentrations such as those for ENR; Section 3.5)
e Establishing vertical extents of contamination (i.e., the depth of RAL exceedances) in
dredging areas (Section 3.7.1)
e Developing dredge prisms (Section 3.7.1)
e Performing predictive modeling to assess long-term sediment cap effectiveness
(Section 3.7.2)

2.3 Previous and Ongoing Remedial Investigations and Actions

This section describes how lessons learned from previous and ongoing investigations and
actions will be considered during RD, focusing on early actions in the LDW, the ENR/AC pilot
study being performed under AOC2, and upland contaminated sites along the LDW shoreline.
During RD, previous actions and existing remedies within the upper reach will be considered to
ensure that implementation does not compromise the integrity of completed or ongoing
studies or remedial actions.
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2.3.1 Early Action Areas

Six EAA remedial actions have been performed in the LDW, including from south to north:
Norfolk EAA, Boeing Plant 2 EAA, Jorgensen Forge EAA, Terminal 117 (T-117) EAA, Slip 4 EAA,
and Duwamish/Diagonal EAA. As shown on Figure 2-5, four of these EAAs are located within the
upper reach (Norfolk EAA, Boeing Plant 2 EAA, Jorgensen Forge EAA, and T-117 EAA), and the
lessons learned from these early actions will be integrated into the RD. In addition to providing
locations of the EAAs, Figure 2-5 also provides known locations of Resource Conservation and
Recovery Act (RCRA) and MTCA cleanup sites adjacent to the boundary of the upper reach of
the LDW.

The EAAs were implemented by different entities using different remedial technologies. The
following sections summarize each EAA.

2.3.1.1 Norfolk

The Norfolk EAA is located next to the Boeing Developmental Center, upstream of the Turning
Basin at RM 4.9 east bank (E). It was identified as a cleanup area by the Elliott Bay/Duwamish
Restoration Program (EBDRP) because of sediment contamination associated with a City of
Seattle SD and King County combined sewer overflow (CSO). In 1999, King County dredged

1 acre of contaminated sediment and backfilled the area with clean material. Monitoring post-
construction continued annually through 2004.° Long-term monitoring was completed in 2004.

In addition, in 2003, Boeing removed sediment from the LDW offshore of the Boeing
Developmental Center south outfall (Boeing South), adjacent to the Norfolk EAA, as part of
Ecology’s Voluntary Cleanup Program (Ecology and Leidos 2018).

2.3.1.2  Jorgensen Forge

Jorgensen Forge is a steel and aluminum forging and distribution facility located south
(upstream) of Boeing Plant 2 at RM 3.7E. Originally developed in 1942 by the Navy, the property
has had several owners over 70 years. Earle M. Jorgensen (previous owner and operator of the
facility until 1992) conducted removal of 1.6 acres of contaminated bank and sediments in the
Jorgensen Forge EAA followed by backfilling with clean material in 2014. Additional remedial
investigations and studies (i.e., Supplemental Engineering Evaluation/Cost Analysis) are ongoing.
Jorgensen Forge is also the name of an upland site being investigated under an MTCA
Administrative Order.

6 Closure reports and post-closure monitoring reports (through 5 years post-construction) can be found on the King
County Wastewater Treatment Division’s Sediment Management website available at:
https://www.kingcounty.gov/services/environment/wastewater/sediment-management/projects/Norfolk.aspx.
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2.3.1.3  Boeing Plant 2

Boeing Plant 2 is located on the east side of the LDW (RM 2.9E to RM 3.6E). Boeing built Plant 2
along the LDW in the late 1930s to manufacture military aircraft for the U.S. Government. Boeing
remediated by dredging and backfilling with clean material over 18 acres of contaminated
sediment between 2012 and 2015 and restored nearly 1 mile of fish and wildlife habitat in 2013.’
Long-term monitoring of the Boeing Plant 2 EAA is ongoing. Boeing Plant 2 is also an upland
cleanup site with previously performed and planned remedial actions.

2.3.14  Terminal 117

T-117 is a former asphalt shingle manufacturing facility located in Seattle’s South Park
neighborhood on the river's west bank (RM 3.6 west bank [W]). From 2012 to 2015, the Port of
Seattle and City of Seattle remediated by dredging and backfilling with clean material for

1.4 acres of contaminated sediment from the bank and mudflat. Upland excavation was also a
component of the cleanup.? Long-term monitoring of the T-117 EAA is ongoing.

2315 Slip4

Slip 4 is a 6.4-acre navigational slip on the east side of the river just downstream of the upper
reach (RM 2.8W). For many years, nearby industries used Slip 4 as a berthing area for vessels and
for various industrial activities, and SDs and emergency sewer overflows® were historically routed
into the water here. Between October 2011 and February 2012, the City of Seattle removed
contaminated sediment, capped with clean material, and restored wildlife and fish habitat."
Long-term monitoring of the Slip 4 EAA is ongoing.

2.3.1.6  Duwamish/Diagonal

The Duwamish/Diagonal EAA is located on the river's east bank, a half-mile south of Harbor
Island and downstream of the upper reach (RM 0.4E to RM 0.6E). It was identified as a cleanup
area by EBDRP because of sediment contamination associated with City of Seattle SDs and
CSOs, a King County CSO, and a former sewage treatment plant outfall. Between 2003 and 2004,
King County implemented a cleanup, restoring 7 acres of habitat for salmon and other species
by removing contaminated sediment and capping remaining contamination. In addition, a clean

7 Additional information on the Boeing Plant 2 cleanup can be found on the EPA’s website available at:
https://www.epa.gov/hwcorrectiveactionsites/hazardous-waste-cleanup-boeing-plant-2-tukwila-washington.

8 Project documents and construction summaries can be found on the T-117 cleanup page available at:
http://www.t117.com/.

9 In contrast to a CSO, an emergency sewer overflow is an overflow point that only relieves the system if there is a
mechanical failure and rarely or never discharges.

10 Additional project information can be found in the Slip 4 Early Action Area Removal Action Completion Report
(Integral 2012).
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sand layer was added over 4 acres in 2005 to address dredge residuals. The remediation area
and a perimeter area were monitored post-construction annually through 2010."

2.3.2 Enhanced Natural Recovery/Activated Carbon Pilot Study

In 2015, LDWG initiated the ENR/AC pilot study to determine whether ENR material amended
with AC can be successfully applied to reduce the bioavailability of PCBs in contaminated
sediments in the LDW. The study was designed to compare the effectiveness of ENR with added
AC compared to ENR without added AC in three areas in the LDW (intertidal plot, subtidal plot,
and scour plot), as shown in Figure 2-5. Project construction was completed in January 2017
(Amec et al. 2018), and monitoring results for post-construction and Year 1 have been
generated to date (Wood et al. 2019). One of the three plots, the intertidal plot, is within the
upper reach at RM 3.9E.

The Year 2 and 3 pilot study monitoring results will be available in late 2019 and late 2020,
respectively. Pilot study results will inform the selection of technology assignments and the
potential in situ treatment design, consistent with the ROD (Section 13.2.1.2). The pilot study
plots are anticipated to become part of site-wide monitoring after pilot study monitoring is
completed. If additional work is needed after the pilot study is completed, RD will address the
pilot study areas.

2.3.3 Lessons Learned

The lessons learned from the EAAs and the ENR/AC pilot study (construction only) are
summarized based on project documentation and discussions with personnel involved in the
work (Table 2-2). The Removal Action Completion Reports for Jorgensen Forge and Slip 4
(Anchor QEA 2016; Integral 2012) both contained well-organized lessons learned sections. For
the other EAAs (Norfolk, Boeing Plant 2, T-117, and Duwamish/Diagonal), key lessons learned
were culled from pertinent sections of construction reports. Lessons learned from the ENR/AC
pilot study construction activities can be found in the Pilot Study Construction Completion
Report (Amec et al. 2018).

To be useful in the context of this RDWP, the lessons learned for the EAAs and other similar
sediment remediation projects in the LDW have been distilled into common themes that are
considered applicable to future cleanup in the LDW (Table 2-2). These lessons learned are also
similar to experiences at other sediment cleanup sites located outside of the LDW (i.e., Puget
Sound and national sediment remediation projects). Key lessons learned from the EAAs and
other similar sediment remediation projects will be incorporated into the RD.

" Additional information can be found on King County Wastewater Treatment Division's Sediment Management
website available at: https://kingcounty.gov/services/environment/wastewater/sediment-
management/projects/DuDi.aspx.
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Table 2-2

Summary of Early Action Areas, ENR/AC Pilot, and Other Sediment Remediation Site Lessons Learned

Topic

Lesson Learned

Recommendations for Consideration

Communications

Early and frequent communication between the
implementing entity, EPA, the contractor, the
community, Tribes, and property owners and tenants is
critical to project success.

The EAAs report a number of successes in early and continuing
communications. Core recommendations include the following:

Engage stakeholders during all project stages.

Develop communications plans.

Understand community concerns.

Perform frequent outreach.

Provide multiple outlets of communication.

Hold structured meetings (e.g., during construction).

Have identified contacts for issues that arise.

Perform early coordination to plan for construction challenges.

Affected Users and
Site Access

Negotiations for site access, business disruption,
alternative facilities, and Tribal fishing disruption are
costly, complex, and time consuming, and the
requirements must be integrated into the RD.

Initiate access negotiations early (e.g., after 60% design).
Include access costs in cost estimate.

Design Specification
Approach;
Measurement and
Payment Approach

Contractors can identify project efficiencies to improve
project outcomes.

Develop performance specifications; avoid prescriptive means and
methods that limit flexibility.

Include provisions for contractor’s value engineering proposals.

Measurement and payment approaches affect project
incentives.

Develop a measurement and payment scheme with incentives that align
with project goals.

Transloading and transportation can be key
production rate and cost drivers.

Allow for contractor flexibility in selecting and implementing transloading
and transportation options. Recognize that rail capacity has a large impact
on production rates and is influenced by outside factors (e.g., competing
projects, infrastructure limitations).

Dredging and placement tolerances can affect
production rates.

Provide reasonable tolerances (e.g., overdredging and overplacement
allowances) considering both production rates and material (disposal or
purchase) costs.

Actual quantities may differ from design quantities.

Develop measurement and payment approaches that consider uncertainty
(e.g., unit costs, contingency items).
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Topic

Lesson Learned

Recommendations for Consideration

Dredging and
Excavation

Dredge residuals are intrinsic to dredging and may be
observed within and around the perimeter of the
dredging area. Dredge residuals concentrations can be
transient. Residuals management cover (RMC) has
effectively managed dredge residuals in the LDW and
on other sediment remediation sites.

Develop a dredge residuals management plan that uses BMPs during
dredging, post-dredge sampling, and targeted contingency actions (e.g.,
RMC, contingency redredging) to achieve defined performance goals.

Debris in industrial waterways is common. Debris in
the LDW is likely to be beneath the mudline and may
or may not express itself at the surface. Debris can
have significant impacts on production rates,
equipment effectiveness, and sediment resuspension.

Clearly identify in specifications that the contractor shall expect significant
debris (observable and buried) during construction.

Plan equipment and removal means and methods to remove a wide
variety of debris.

Use reasonable methods to identify large observable debris during RD.

Both environmental and digging buckets are necessary
to achieve both production rate and environmental
dredging objectives.

Allow the contractor to use a digging bucket as necessary for rock, debris,
and consolidated sediment.

BMPs will require modification over time.

Plan to adaptively manage BMPs during the duration of the project.

Work near structures has additional uncertainties and
risks.

Require structural surveys.
Plan for contingencies.

Subsurface conditions are uncertain, particularly in
banks.

Plan for contingencies, particularly in bank areas.

Dredge return water management has been successful
in the LDW using a variety of approaches.

Manage water with BMPs and engineering controls and return water to
LDW. This approach successfully meets all water quality requirements
without costly upland treatment and discharge.

High-resolution progress surveys improve feedback
and dredging accuracy.

Require multi-beam progress surveys.

RAWP and Other
Pre-Construction
Submittals

Development and approval can take months to
finalize.

Award contract several months before the opening of the in-water work
window.

Construction
Sequencing and
Phasing

The short in-water work window in the LDW
compresses project schedule.

Plan for the potential need for night work by coordinating with EPA and
the neighboring community.

Allow flexibility to optimize efficiency and appropriate dredging season
stop points.
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Topic Lesson Learned

Recommendations for Consideration

Water Quality Water quality criteria exceedances (e.g., turbidity at a
compliance distance) can occur during dredging and

during placement of capping/ENR material.

Turbidity is the primary water quality driver, not COCs.

Develop clear communications and response protocols with EPA.
Develop an adaptive approach using BMPs that minimize releases during
dredging.

Develop appropriate response actions to address turbidity water quality
criteria during clean material placement.

Consider fixed monitoring stations.

Recognize that the saltwater wedge affects turbidity.

Material Placement The placement of granular activated carbon requires

additional QC and handling steps.

Specifications should provide clear requirements on handling of granular
activated carbon (e.g., pre-wetting procedures).

Additional material needs to be placed to meet
minimum design thicknesses for caps and ENR.

Provide reasonable overplacement allowances to meet design criteria.

Consider the average thickness that will be placed to meet minimum
thicknesses.

Cap and ENR thickness measurements have
uncertainty and can vary depending on the
measurement approach.

Establish accurate surveying and positioning control prior to conducting
placement.

Use several methods of determining cap thickness, such as surveys,
tracking quantities, “bucket maps,” and coring/probing.

Anticipate subgrade settlement below placed material.

Timely measurement and acceptance of placed thickness is essential to
avoid construction delays.

The compliance sampling approach can affect
construction.

Compliance
Sampling

Carefully develop a compliance sampling approach that can evaluate the
appropriate project goals and limits down time

Some backfill types cannot be sampled.

Develop contingencies for sampling coarse material.

Ongoing site processes (e.g., sedimentation and
resuspension) affect long-term monitoring results.

Long-term monitoring should consider site processes.
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2.4 Existing Habitat Conditions in Upper Reach

RI Section 2.8 and FS Section 2.1.5 summarize the habitat types in the entire LDW. The natural
habitat types in the LDW include intertidal mudflats, tidal marshes, and subtidal areas. Intertidal
marshes contain marsh soils (generally fine-textured and nutrient-rich), supporting grasses,
sedges, rushes, and various other plants. For example, the Hamm Creek and Turning Basin
restoration areas are both small intertidal marshes within the upper reach.

Intertidal mudflats are generally defined as the gently sloping areas from MLLW up to the edge
of intertidal marsh vegetation (Blomberg et al. 1988). Intertidal mudflats are unvegetated
intertidal areas with sand or mud substrate, representing the majority of intertidal area within
the upper reach. Intertidal mudflats serve as sources of nutrients for primary producers and
provide food and habitat for benthic invertebrates, fish, shorebirds, and aquatic mammals.
Intertidal mudflats also attenuate boat wakes for upslope tidal marshes (Battelle 2001).
Approximately 48 acres of the upper reach were identified in the ROD as potential clamming
areas based on bathymetric elevations (shallower than -4 feet MLLW) and considering substrate
and salinity conditions. Potential clamming areas are a subset of the intertidal areas.

Several habitat restoration projects have been performed (or are currently planned for
construction) within the upper reach; these include the following (Figure 2-6):

e The Boeing Plant 2 South Site habitat project between RM 3.3 and RM 3.6 includes
1.2 acres of restored marsh habitat, 0.95 acre of restored riparian habitat, and 0.69 acre of
restored intertidal habitat.

e The T-117 future habitat site is located between RM 3.5 and RM 3.7 and will include
restoration of upland, shoreline, and intertidal habitat.

e The Hamm Creek habitat area is located at RM 4.3W, where 1 acre of emergent salt
marsh, 2 acres of freshwater wetlands, and nearly 2,000 feet of the Hamm Creek
streambed have been restored.

e The Muckleshoot Tribe habitat area at Kenco Marine is located near the Turning Basin at
RM 4.6W.

e At the Turning Basin (RM 4.7W), multiple restoration projects from 1996 through 2007
have included derelict vessel removal, fill removal, creosote-treated piling and derelict
structure removal, fill and large woody debris placement, and riparian and emergent
plantings, resulting in an addition of 5 acres of restored intertidal habitat (Seaport
Planning Group 2009).
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During RD, the upper reach habitat conditions will be considered in the following ways:

e Existing upper reach habitat areas will be identified to help ensure that the RD restores
the site to pre-construction bed elevations to the extent practicable.

e Existing and post-construction upper reach habitat areas will be summarized in the BODR
as part of Endangered Species Act consultation and Section 404(b)(1) evaluations. The
summary will identify existing habitat areas (divided into established elevation bands);
proposed post-construction habitat areas (divided into established elevation bands);
substrate materials for caps, ENR, or placement of backfill materials in any identified
habitat areas; and locations where loss of aquatic habitat is unavoidable (e.g., capping
around infrastructure) and how those losses are offset in other locations. Should habitat
mitigation be necessary for ARAR compliance, mitigation requirements will be assessed in
the Preliminary (30%) to Intermediate (60%) RD stages and finalized in the Pre-Final (90%)
RD.

2.5 Waterway Usage in Upper Reach

The RD will consider location-specific waterway usage so that the remedy minimizes
interference with existing site uses during remedial construction, and it informs the RD to
accommodate existing and future uses post-construction. This section describes important
current and reasonably anticipated future land use of the upper reach.

2.5.1 Tribal Use and Treaty Rights

As described in the ROD (Section 3), the LDW is one of the locations of the Muckleshoot Tribe's
commercial, ceremonial, and subsistence fishery for salmon, as part of its Usual and Accustomed
fishing area. The Suquamish Tribe actively manages aquatic resources north of the Spokane
Street Bridge, just north of the LDW study area. The Tribes, as sovereign nations, have engaged
in government-to-government consultations with EPA on the cleanup process and decisions.
The Tribes have also broadly and actively participated in meetings determining the course of the
cleanup to date. EPA plans to continue to consult with the Muckleshoot and Suquamish Tribes
throughout design, construction, and long-term monitoring of the remedy, including any
potential modifications to the remedy. In addition, although not a federally recognized Tribe,
the Duwamish Tribe uses Herring's House Park (located north of the upper reach) and other
parks along the Duwamish River for cultural gatherings.

Tribal consultation will occur during the design and construction process at a schedule
determined by EPA and could include topics such as commercial fishing, shoreline use, access
points, cultural activities, or other tribal interests. Tribal use within the LDW was considered
during the development of the ROD, and Tribal use will be considered during RD by maintaining
aquatic area with beneficial water depths for fisheries (e.g., shallow subtidal). Close coordination
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will be maintained with the Muckleshoot and Suquamish Tribes during RD and construction, and
agreements for any needed fishery disruption will be negotiated prior to construction. Tribal
input will be sought by EPA during RD, and Affected Tribes will be consulted as per Section 106
of the National Historic Preservation Act.

2.5.2 Beach Play and Tribal Clamming Areas

The upper reach contains three potential beach play areas, designated in the RI/FS as

Beaches 5C, 7, and 8, encompassing 23 acres of the upper reach. In addition, the upper reach
contains 48 acres (including EAAs; Table 2-1) where the intertidal sediments are suitable for clam
habitat and could support clamming, including Tribal clam harvest. Beach play and Tribal
clamming were considered in the RI/FS/ROD process in the development of cleanup levels and
RALs.

2.5.3  Public Access Points

Potential public access locations are important to consider during RD in order to maintain public
safety and to minimize the impacts of construction on the public. The ROD identifies four
potential public access points from the shoreline within the upper reach (Figure 2-6). Duwamish
Waterway Park is situated at RM 3.0W and includes public beach access. A public walking path
near RM 4.0W could potentially offer public access to the LDW. Finally, two potential public
access points were identified in the Turning Basin, one near the end of the Green River Trail at
RM 4.7W and the other near the pedestrian bridge at RM 4.9W. In addition to these access
points, the T-117 restoration project includes a planned public access point and boat launch.
The EPA’s Roundtable forum may identify other potential public access issues that could be
considered when developing RD details.

Construction of enhanced public access is beyond the scope of this remediation project;
however, should other entities plan enhanced public access, those plans could be considered in
RD to avoid conflicts between the public access design completed by others and the RD.

EPA will use the Roundtable forum to coordinate public input on the Preliminary (30%) and
Intermediate (60%) RD; impacts and safety concerns identified in EPA comments based on
public input will be addressed in the next iteration of design. In addition to EPA’s Roundtable
forum, a Community Outreach and Communications Plan will be developed during Pre-Final
(90%) and Final (100%) RD phases so that potential public access closures are effectively
communicated to the public during construction.

2.5.4  Waterway Users

LDWG contacted waterway users in 2018 as part of pre-design activities, as summarized in
Water User Survey and Assessment of In-Water Structures — Data Report (Integral et al. 2018).
Waterway users were divided into three categories: waterway-dependent users, recreational use
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businesses and associations, and owners of residential and waterfront properties without water-
dependent facilities. Waterway-dependent users include waterfront property owners and their
tenants that are supported by bank infrastructure (e.g., docks, piers, wharves, berthing areas)
and operators of commercial tug, barge, and cargo vessels. Berthing areas comprise
approximately 3.7 acres within the upper reach (see Table 2-1).

Recreational use businesses and associations include businesses that support recreational
boating (e.g., marinas) and owners of recreational areas (i.e., municipal park owners). Owners of
residential and waterfront properties without water-dependent facilities include all property
owners and tenants without apparent water-dependent facilities and those who own residential
properties (with or without minor waterfront structures such as docks and piers).

Discussions with waterway users are important for identifying the current and reasonably
anticipated future land uses, assessing waterfront infrastructure and banks near remediation
areas, and identifying changes during RD and potential sources of disruption during
construction. During RDWP development and RD, LDWG will conduct additional outreach to
coordinate with water-dependent users on the RD approach, construction sequencing planning,
and planned future construction activities.

The completed design will be compatible with current and reasonably anticipated future land
uses. The design will maintain water depths in berthing areas and avoid damaging existing
waterfront infrastructure such as overwater structures, armored banks, and utilities. For example,
the top of the cap or ENR layer must be below the berthing maintenance depth after cap or ENR
placement (ROD Figure 20) and incorporate allowable overdredge depths (i.e., 2 feet) that are
typically specified for maintenance dredging projects. Approximate berthing maintenance
depths are documented in the FS. Unlike the FNC, berthing area maintenance elevations are not
formally defined, but based on operational needs and identified in USACE dredging permits.

As noted earlier, during Pre-Final (90%) and Final (100%) RD phases, a Community Outreach and
Communications Plan will be developed that includes communication with waterway users.
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2.5.5 Federal Navigation Channel

The FNC supports water-dependent industry along the LDW. As discussed in Section 2.1.3, the
ROD incorporated evaluation and remedial action for shoaled areas (i.e., areas with bed
elevations shallower than the authorized depth) if sediment concentrations are above the RALs
at depths up to 2 feet below the authorized depth.'? Sample intervals will be determined in the
PDI QAPP.

In addition, the ROD requires appropriate post-construction clearances for placement activities
(i.e., a 2-foot buffer between the authorized depth and the top of an ENR layer, and a 4-foot
buffer between authorized depth and the top of a cap). Furthermore, the ROD requires a 10-foot
horizontal buffer outside of the FNC for placement activities to account for equipment
tolerances, and the potential for material to slough into the channel (ROD Section 13.2.1.1). The
considerations for RD technologies in the FNC are discussed in Section 3.7.

2.6 Data Gaps Identification

The PDIWP provides a conceptual sampling plan based on the data types summarized in
Appendix B of the Design Strategy Recommendations Report (Integral and Windward 2019). In
addition, the PDIWP identifies data quality objectives (DQOs) for the Phase | and Il investigations
(Section 4.1).

The following bullets summarize the data that are anticipated to be collected during the PDI
(PDIWP Section 3.4):

e Site-wide bathymetric survey data to support the potential refinement of Recovery
Category areas, potential vessel scour areas, and applicable RALs; this survey was
conducted in April and May 2019, and the results will be provided as an appendix to the
PDI QAPP

e Sediment chemistry data to delineate RAL exceedances, as noted earlier, and to
determine the following:

- Required dredge elevations in dredging areas, partial dredging and capping, and
partial dredging and ENR areas
- Refined area boundaries of MNR to benthic SCO

e Possible collection of toxicity test data in areas where active remediation is anticipated if

only benthic RAL exceedances exist in the particular area

12 The ROD indicates that “where contaminant concentrations exceed RALs only at depths below the top 2 ft, cleanup
may be deferred if USACE determines it is not currently an impediment to navigation, but must be dredged in the
future if USACE determines that the area has become an impediment to navigation.” USACE will be provided the
opportunity to comment on design documents as determined by EPA.
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e Focused topographic survey data in bank areas with adjacent remedial action areas that
have dredging or capping remedies
e Area-specific sediment geotechnical properties including geologic characterization,
sediment index, and sediment strength and consolidation properties to achieve the
following:
- Determine sediment stability and stable dredge cut side-slope requirements.
- Characterize sediment dredgability.
- Support sediment consolidation assessment for cap design.
- Support selection of dredge equipment.
- Support design of sediment handling, transport, dewatering, treatment systems,
and disposal requirements.
e Specialized surveys as appropriate for debris characterization
e Sediment transport and erosion/scour/disturbance process information (such as
bathymetry and engineering analyses) to support the following:
- Delineation of MNR/ENR areas
- Design of ENR/in situ treatment (depending on results of ENR/AC pilot study)
- Cap design
- Outfall scour protection
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3 Engineering Design Process

3.1 Design Objectives

This RDWP has been developed to support the preparation of a design that is constructable,
environmentally protective, effective, and consistent with the ROD requirements. Sequencing the
data collection that informs RD is important to ensure that appropriate data for RD are collected
at the applicable phase of RD, and that the RD will be conducted so that design elements may
be refined as new information becomes available.

When possible, the design will specify performance requirements instead of prescribing the
means and methods of the remedial construction. Performance-based specifications describe
the performance criteria that the contractor is required to meet during construction, which
allows for the contractor to develop project-specific means and methods that take advantage of
contractor creativity and expertise. The contractor will propose the specific means and methods
in their RAWP, subject to approval by the Engineer and EPA. This approach also allows for
adaptive management that can incorporate real-time lessons during construction rather than
rigid prescriptive specifications. However, prescriptive method specifications will be used for
those design elements that cannot be flexible (e.g., minimum cap layer thickness, sequencing
and access constraints, etc.) and will also be used to set project-wide minimum requirements for
communications, environmental protection, and health and safety.

3.2 Design Process

This section discusses the general design process phases for RD and how PDI data will be used
in design. Figure 3-1 graphically depicts the progression of the RD process and how the various
PDI and RD phases interrelate with one another.

3.2.1 Pre-Design Investigation Phases

The PDIWP (Appendix C) details the phased approach that will be used for the PDI. The first
phase of sampling is generally focused on defining the horizontal extent of RAL exceedances by
targeting surface sediment (0 to 10 cm) and shallow subsurface sediment (0 to 45 cm in
intertidal areas and 0 to 60 cm in subtidal areas).

The Phase | PDI data will be used to define initial remediation areas, identify any additional data
gaps in the horizontal extents of contamination, help identify areas for subsurface investigation
(e.g., the depth of contaminated sediment in dredging areas) in both open water and under
overwater structures, and help define investigation needs at adjacent bank areas.

The Phase Il PDI will focus on addressing additional horizontal extent data gaps identified in
Phase |, refining horizontal extents of required remediation areas, collecting subsurface data to
define vertical extents of required dredging, and collecting engineering data (e.g., geotechnical,
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structural conditions, thickness of contaminated sediment overlying riprap-armored banks) to
inform RD.

Phase Il PDI will be conducted, if necessary, to address any data gaps that remain following the
Phase Il PDI.

PDI Data Evaluation Reports will present the investigation results, in addition to refining the RAL
exceedance areas (Section 3.3), revising Recovery Category designations (Section 3.4), and
refining the preliminary technology assignments (Section 3.5).

3.22 Remedial Design Phases

RD is generally defined as those activities to be undertaken to develop construction plans and
specifications, general provisions, special requirements, and other technical documentation
necessary to solicit bids for construction of the remedial action. The RD also includes
identification of the required documentation to be provided by the construction contractor,
subject to approval by EPA, during the pre-construction and construction phases, and annotated
outlines, conceptual plans, or initial drafts of certain documents to be finalized after
construction.

The Preliminary (30%) RD will incorporate data from the Phase | and Il PDIs. Key deliverables of
the Preliminary (30%) RD package will include a draft BODR, preliminary plans (i.e., drawings),
and an outline of the contract specifications.

The Intermediate (60%) RD package will incorporate EPA input on the Preliminary (30%) RD and

advance the preliminary design concepts presented therein. Coordination with EPA and resource
agencies will continue during Intermediate (60%) RD to ensure that the design is compliant with
ARARs, and that approvals can be obtained in advance of the planned construction period.

The Pre-Final (90%) RD package will incorporate EPA input on the Intermediate (60%) RD,
incorporate any data obtained during a Phase Il PDI (if needed), and will be a near-final
package including a CQAP and Water Quality Monitoring Plan (WQMP).

The Final (100%) RD package will incorporate EPA comments on the Pre-Final (90%) design
submittal and include final versions of all supporting design deliverables. The remediation
construction implementing entity will determine the requirements of the final bid document
plans and specifications as noted in Section 1.5.1.

Outreach and coordination with waterway users and other stakeholders will take place before
field sampling events, as detailed in the PDI QAPP. The components of each RD deliverable are
discussed in detail in Section 6.
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3.2.3 Design Process Sequencing

The following bullets provide a summary of the design process sequence to delineate remedial
action areas, select remedial technologies, and delineate sediment management areas (SMAs;
defined in Section 3.6) consistent with the RD phases and Figure 3-1:

e Collect 2019 bathymetry data
e Phase | PDI

Develop sun-illumination maps (i.e., map with shading to enhance the appearance
of bathymetric features).

Adjust Recovery Category area designations where appropriate based on new
bathymetry (i.e., sun-illumination maps).

Collect Phase | PDI data.

Evaluate RAL exceedances.

Adjust Recovery Category area designations where appropriate based on Phase |
PDI data.

Preliminarily delineate remedial action areas.

Preliminarily assign remedial technologies.

Identify data gaps for Phase Il PDI.

e Phase Il PDI

Collect Phase Il data including horizontal delineation data gaps identified in Phase |,
vertical extent data, bank characterization data, and engineering data.

e Preliminary (30%) RD

Refine remedial action areas.

Select remedial technology™ (i.e., dredge, partial dredge and cap, cap, ENR,
ENR/AC, MNR).

Identify data gaps for Phase Il PDI.

e Intermediate (60%) RD

Delineate SMAs considering common adjacent remedial technologies, site physical
characteristics, constructability, and other engineering factors as appropriate.
Design remedial actions (e.g., horizontal and vertical limits for dredging; cap
thickness and erosion protection; ENR; treatment; dredging or capping construction
offsets from existing infrastructure).

Identify any remaining data gaps for RD.

Collect Phase Ill PDI data, if any further data gaps are identified.

13 1t is expected that remedial technology assignment at the Preliminary (30%) RD will be roughly 90% complete, but
remedial technologies in particular areas may be refined as design is further developed.
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e Pre-Final (90%) RD

- Refine SMAs and RDs, if any, based on Phase Il PDI.
e Final (100%) RD

- Finalize RD.

The following sections provide additional details for several key design components of the RD
process.

3.24 Design Quality Control

RD submittals to EPA will be reviewed using the design team'’s internal quality control processes,
and they will also be reviewed by LDWG, EPA, and other stakeholders including affected users.
Analytical data are collected using EPA-approved QAPPs and validated to ensure the data are of
suitable quality to make RD decisions.

Other internal quality control processes occur prior to submittals to EPA. Engineering designs
are peer-reviewed internally by senior engineers, calculations are cross-checked, and
experienced construction managers thoroughly evaluate implementation plans to ensure
constructable designs. Constructability and value engineering reviews will be performed during
the 60% design phase to gauge equipment and material availability, construction cost
escalation, contractor concerns, and other risk factors that may impact implementation of the
remedy.

3.3 Remedial Action Area Designation

The ROD provides criteria for identifying remedial action areas by comparing the surface
sediment and shallow subsurface sediment concentrations to the RALs. The RALs are listed in
ROD Table 28 (included in Appendix A of this report) and can vary for different Recovery
Category areas, intertidal and subtidal areas, and in shoaled areas of the FNC. The RAL
exceedance areas will be delineated using existing data and PDI data and will be adjusted as
necessary should the Recovery Categories be modified.

Geostatistical methods or a combination of methods (e.g., inverse distance weighting, kriging,
Thiessen polygons) will be used, along with practical engineering considerations, to delineate
the remedial action areas. The delineation method will be described in the BODR.

Bank areas will be designated for remedial action based on the RALs identified in Table 28 of the
ROD. Bank areas will be evaluated using the following general approach:
e Bank areas will be visually inspected during Phase | PDI to assess their general conditions
(e.g., armored condition, stability).
e Phase | PDI results and coordination with MTCA site managers will inform which bank
areas may exceed RALs and will be sampled during Phase Il PDI.

Remedial Design Work Plan

Lower Duwamish Waterway Group 36 | December 2019

Port of Seattle / City of Seattle / King County / The Boeing Company



e Armored banks in good condition will not be sampled below the armor layer; sediment
overlying the armor layer may be sampled on banks adjacent to active remediation areas.

3.4 Recovery Category Finalization

The FS developed Recovery Categories that define where remedial technologies can be used.
Generally, Recovery Category 1 designates areas where only dredging and/or capping are
applicable; Recovery Categories 2 and 3 designate areas where MNR, ENR, dredging, and
capping are all applicable.

The Recovery Category area boundaries depicted in the ROD Table 23 (included in Appendix A
of this report) summarize the criteria used to assign final Recovery Categories. The recent
Recovery Category Recommendations Report (Integral et al. 2019) evaluated the Recovery
Category designations in the ROD based on the waterway user survey and new chemistry data
and recommended minor revisions. Within the upper reach, two locations were modified: Boyer
Towing at RM 2.3W, and Waste Management transload property at RM 2.8E. Both locations were
modified from Category 3 to Category 2 based on site use (vessel berthing). The Phase | and
Phase Il PDI Data Evaluation Reports will review, and potentially revise, the Recovery Category
designations using new bathymetric survey and PDI chemistry data. These final Recovery
Category boundaries will then be used in RD.

3.5 Remedial Technologies Assignments

A remedial technology or technologies will be assigned to each remedial action area.
Preliminary remedial technology assignments presented in the ROD will be refined during RD
based on PDI data and engineering judgment. The remedial technologies will be assigned based
on ROD criteria summarized in ROD Tables 27 and 28 and Figures 19 through 23 (included in
Appendix A of this report). The technology assignment criteria in the ROD include the following:
e RAL exceedance and magnitude of exceedance (i.e., upper limit for ENR)
e Recovery Category
e Bathymetric elevation (intertidal, subtidal, and bathymetric elevation compared to future
maintenance dredging)
e FNC and berthing area maintenance dredging requirements (e.g., horizontal and vertical
tolerances compared to maintenance dredge depths)
e Access constraints and the presence of structures

The remedial technology assignments will also consider equipment tolerances, structure
protection offsets, constructability, proximity to outfalls, debris, and the conditions in adjacent
areas.
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The Phase | and Phase Il PDI Data Evaluation Reports will review, and potentially revise, the
remedial technology assignments using new bathymetric survey and PDI chemistry data and
using the revised Recovery Category delineations described in Section 3.4. This step is necessary
in order to collect the appropriate data for the next phase of PDI (such as vertical extent in
dredge areas or lateral extent of ENR areas.) The technology assignments will continue to be
revised in the RD submittals.

3.6 Sediment Management Areas Designation

Once the upper reach remedial action areas are delineated and remedial technologies are
assigned to each remedial action area, the upper reach will be divided into SMAs in the
Preliminary (30%) RD (where appropriate). SMAs represent discrete areas within the site in which
different remedial technologies may be implemented or where unique constructability issues
may exist. SMAs are discrete areas within the larger site that can be managed differently from
one another using the applied technology and monitoring, but are considered part of the larger
site. SMAs provide a method for referencing individual remedial action areas in the bid
documents, and a method for overlaying constructability considerations in the assignment of
remedial technologies to an SMA. SMA designations will rely on engineering judgment.

In many cases, a remedial action area boundary will naturally form a discrete unit that will
become its own SMA. In other cases, a contiguous remedial action area may be split into two or
more SMAs based on physical constraints or use of multiple remedial technologies. Some of the
considerations for delineating SMAs will include the following:

¢ Sediment stability. SMA delineation will consider sediment stability, including scour
potential, proximity to berthing areas and outfalls, and the location of steeper slopes
(e.g., banks and adjacent to FNC). Uncertainty in Recovery Category boundaries, when
developing SMA delineation, will be addressed by considering Recovery Category
designations in adjacent areas.

e Structures and offsets. Underpier areas that require remediation will be evaluated to
assess whether it makes sense to delineate them as separate SMAs. In addition, SMA
delineation will consider structural offsets needed to protect overwater structures,
engineered slopes, and utilities.

e Site physical conditions. The SMA delineation will consider site physical conditions, such
as the FNC, berthing areas, intertidal areas, habitat areas, bathymetric elevations
shallower than -10 feet MLLW, and areas identified as habitat for compliance with the
Endangered Species Act and Section 404 of the Clean Water Act.

e Constructability. SMA delineations may be influenced based on constructability
considerations, such as equipment access, presence of piling and debris, and location of
structures.
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The SMA delineations may be refined throughout the design process as the RD progresses in
each area. The transition between each SMA and adjacent areas (e.g., other SMAs or EAASs) will
be designed to provide a constructable and stable transition. Some SMAs may extend past the
upper reach boundaries.

3.7 Remedial Technologies Design Considerations

3.7.1 Dredging

For areas where dredging is the selected remedial technology, dredging design will be guided
by the USACE Technical Guidelines for Environmental Dredging of Contaminated Sediments
(Palermo et al. 2008) and engineering professional judgment based on past sediment
remediation designs. The dredging design will consider lessons learned from EAAs and other
cleanup sites discussed in Section 2.3.3.

The first step in the dredging design process will be to define the horizontal and vertical extents
of dredging based on PDI data, then calculate resulting dredge areas and volumes. The dredge
areas and volumes will be refined throughout RD considering constructability and protection of
infrastructure and utility areas. The extent of the dredge areas will be presented on design
drawings.

As identified in the ROD (Section 13.2.1.1), if 1 foot or less of contaminated sediment would
remain at concentrations greater than the human health RALs or the benthic SCO after dredging
to sufficient depth to accommodate a cap, all contaminated sediments will be dredged. If more
than 1 foot of contamination would remain after dredging to sufficient depth to accommodate a
cap, sediments will be partially dredged and capped.

Following the initial definition of the dredge areas and volumes, different types of dredging
equipment and material transport systems will be evaluated based on project requirements, site
conditions, and implementation efficiencies. Factors influencing the selection of the types of
dredging equipment to be used include but are not limited to the following:

e Water depth to accommodate equipment draft

e Mobilization and site access constraints

e Dredge cut thickness

e Presence of debris

e Sediment type and physical or geotechnical characteristics

e Production rates and schedule requirements

e Dredged material transport methods

e Availability and locations of potential transload facilities

e Environmental monitoring requirements
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Identification of anticipated dredging equipment types (e.g., mechanical versus hydraulic
dredging) will occur as early in the design process as practicable to allow for progress on
dependent design processes (i.e.,, material handling, transloading, and transport). The selected
remediation contractor will select and identify its dredging equipment and construction means
and methods in the contractor's RAWP. However, the RD may specify general types of dredging
equipment (e.g., mechanical versus hydraulic dredging) to be used for specific site conditions in
order to reduce construction uncertainties.

Throughout the design process, dredge area boundaries may need to be refined based on
concurrent design activities. Where dredging occurs near the bank and structures, the dredge
design will evaluate the stability of both the existing bank side slopes and the new side slopes
that will result from dredging. In addition, identification of cultural resources, critical habitats,
and utilities may require modifications to the design dredge prism. A slope setback may be
required in areas where the design dredge prism may undermine the toe of the slope or existing
structures to prevent undermining or reducing the stability of slopes and structures. An alternate
remedial action may be required to manage the remaining contaminated sediment that cannot
be removed. The extent of any necessary slope setbacks or structural offsets and how remaining
contaminated sediment will be managed will be presented on the design drawings.

The Preliminary (30%) RD will develop an overall dredging strategy and preliminary dredging
plans showing the horizontal and vertical limits of dredging based on the results of PDI data.
The Preliminary (30%) RD will also include a list of the relevant technical specifications governing
dredging.

The Intermediate (60%), Pre-Final (90%), and Final (100%) RD phases will refine dredging plans
based on additional data collection after the PDI phases, siting of marine access points and
materials transport, and results of infrastructure information not available at the Preliminary
(30%) RD phase. In addition, subsequent phases of RD will evaluate and identify anticipated
dredge equipment types and methods based on the required dredge extents and site
conditions, building from the Preliminary (30%) RD. The specifications outlined during the
Preliminary (30%) RD will be further developed and finalized during subsequent RD phases, and
in response to EPA comments.

3.7.11 Dredging Design Factors for Federal Navigation Channel and Shoaled Areas
Shoaled areas are defined in the ROD as areas in the FNC with sediment accumulation above
the FNC authorized depth (-15 feet MLLW in the upper reach). As described in the ROD

(Section 13.2.1.1), shoaled areas in the FNC will be dredged as the remedial action if
contaminant concentrations exceed RALs at any elevation above the maintenance depth (i.e.,

2 feet below the authorized depth, or -17 feet MLLW). The RD will consider the USACE's FNC
authorized navigation and maintenance depths, over-dredge requirements and lateral offsets
from the channel as required by the ROD, and whether the post-dredge surface may exceed
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RALs. A Z-layer sample (collected from cores during PDI) will predict the post-dredge surface
concentration. When dredging is required within and to the edge of the FNC, the dredge prism
will extend an additional 10 feet (lateral) outside of the FNC.

Partial dredging plus capping design within the FNC and shoaled areas will also factor in any
follow-on capping such that all post-remedy surfaces in these areas will be maintained at or
below the ROD-mandated FNC authorized depth offsets.

3.71.2  Dredging Design Factors for Areas Outside the Federal Navigation Channel
Outside the FNC, the dredge design will consider navigation depths that are maintained by
private or public entities (called berthing areas in the ROD, but could include slips, entrance
channels, or restoration areas).

Dredging may be required in some areas that would otherwise be designated for capping if
institutional controls required to prevent damage to a cap (such as deed restrictions) are not
compatible with the current or reasonably anticipated future use of that area.

The dredge design and required follow-on material placement activities (e.g., capping, backfill,
or RMC) would be designed to avoid the loss of aquatic habitat and preserve an appropriate
range of habitat elevations in the intertidal zone. Habitat design considerations are discussed
further in Section 3.8.

3.7.1.3  Dredging Design Factors for Infrastructure and Slope Areas

The RD will incorporate design factors when dredging adjacent to existing infrastructure,
utilities, and slopes. During the 30% and 60% design phases, the RD will identify areas where
dredging is impractical based on the operational characteristics of the dredging equipment and
equipment access constraints. In addition, dredging may need to be offset from existing slopes
and structures to prevent adverse impacts to stability. Dredging offsets and slopes for
protecting existing structures and utilities will be developed during the 30% and 60% design
phases and will consider factors such as the type of utility (e.g., power, drainage,
communications) or type and condition of existing structures.

In locations where standard dredging equipment cannot remove the material due to
obstructions, or where offsets for structural stability prevent removal, alternate remedial
technologies will be evaluated in coordination with EPA during the 30% and 60% design phases
(e.g., underpier areas and in the vicinity of dolphins/piling, bulkheads, and riprapped or
engineered banks).

Debris and abandoned pilings will be removed or replaced from remedial action areas in the
upper reach as necessary or as required by EPA to implement the remedy. In some
circumstances, removal in the vicinity of certain infrastructure will require structural and/or
geotechnical engineering assessments of the infrastructure; in such cases, alternate means for
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sediment removal will be evaluated on a case-by-case basis. Potential obstructions may include
but are not necessarily limited to the following:

e Structures (e.g., bridge abutments, wing walls, bulkheads, mooring dolphins) whose
structural stability may be adversely impacted by dredging

e Low clearance structures (such as bridges and piers)

e Armored banks

e Other physical obstacles within the waterway that cannot be removed (e.g., concrete
cribs, very large boulders, bedrock, stormwater outfalls)

e Buried utilities or utility crossings

3.71.4  Sediment Resuspension Management During Dredging

Dredging activities will result in resuspended sediment. Some causes of resuspension include
disturbance of the bed by dredging buckets (mechanical dredging) or hydraulic cutterheads
(hydraulic dredging), loss of sediment from dredging buckets as the bucket is raised or lowered
through the water column, propwash disturbance from dredging equipment and attendant
vessels (e.g., tugboats), sediment spillage or discharge from haul barges, debris preventing
bucket closure, and disturbance from dredge or barge anchoring. Areas with high debris density
will experience higher sediment resuspension during removal (USACE 2008).

The RD will evaluate potential methods to reduce sediment resuspension during dredging
activities (e.g., best management practices [BMPs] for operational controls, specialized dredging
equipment such as an environmental bucket). A range of BMPs to reduce sediment resuspension
will be evaluated and described in the BODR. The feasibility and effectiveness of various BMPs is
dependent upon project- and site-specific considerations, including the following:

e Water quality compliance criteria

e Water depth

e Waterway velocities and flow

o Vessel traffic frequency

e Waterway constraints for installing or anchoring resuspension barriers (e.g., navigation,
Tribal Usual and Accustomed fishing)

e Waterway elevation variability

e Dredging equipment and methods

e Geotechnical properties of dredge material

e Waterway access
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A WQMP will be developed (see Section 6.2.3) during RD to provide a mechanism to assess
water quality during in-water remedial actions, evaluate the overall effectiveness of the control
approach, and inform contingency actions to address potential water quality criteria
exceedances.

3.7.1.5 In-Water Dredged Material Transport

The design for dredged material in-water transport is directly linked with the dredging methods
and dredged material handling, dewatering, and water treatment. The anticipated dredged
material in-water transport design will be based on the dredge equipment type selection during
RD. Dredged material in-water transport methods and performance requirements will be
identified and finalized in combination with dredge equipment type and anticipated dewatering
processes. Minimum performance requirements for in-water transport (e.g., spill prevention,
barge loading, U.S. Coast Guard requirements, barge seaworthiness) will be included as
performance specifications.

Performance requirements will also include a Vessel Management Plan, developed at the Pre-
Final (90%) RD phase, that will be finalized by the selected remediation contractor. The Vessel
Management Plan will include information about anticipated vessel operations necessary to
complete the remedial actions such as types of vessels, access points, and vessel frequency.

3.71.6  Dredged Material Handling, Dewatering, and Water Treatment

Dredging operations will require material handling, potential dewatering, and potential water
treatment to prepare the dredged sediment and debris for disposal at an off-site landfill. The
design and location of the material handling processes will be informed by the removal
technology, transport constraints, requirements of the disposal facility, and the upland transport
method used to transport the material to the disposal facility.

Design for material handling, potential dewatering, and potential water treatment activities will
consider the following elements:
e Space and area available along the river for material transloading, temporary stockpiling,
potential dewatering, and potential water treatment
¢ Availability and capacity of commercial transload facilities
¢ Amount and type of debris to be processed
e Dredging volumes
e Dredging production rates
e Dredged material physical characteristics
e Results of sediment treatment study work (if necessary) to be performed in support of
these operations (e.g., leachate testing and ex situ stabilization)
e Amount of water to be treated, if necessary
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e Water discharge requirements (e.g., barge discharge, transload facility discharge)
e Transport and offloading methods from the in-water work area to transload facility and
then to disposal facility

The Preliminary (30%) RD will evaluate potential locations for commercial transload facilities and
water treatment operations (if needed) as discussed in Section 4.5. The Preliminary (30%) RD will
also assess the potential need and property availability for constructing a new, dedicated upper
reach transload facility. The actual location of a transload facility will be finalized in the
contractor's RAWP due to the dependency on contractor means and methods, the available
space (which could change over time), and the disposal facility’s dredged material acceptance
criteria. Design plans and specifications will be developed to identify performance requirements
for material transloading, handling, potential dewatering, potential water treatment, and
discharge that are compatible with site constraints and comply with ARARs and EPA
requirements.

3.71.7  Upland Dredged Material Transport and Disposal

Building on the results from the dredge material handling, dewatering, and water treatment
evaluation, upland transportation and disposal processes will be evaluated and potential
transloading and disposal facility locations and transport methods will be preliminarily
identified. The operational constraints imposed by available sediment transload, available rail
and/or truck transport capacity, and disposal facilities may affect dredging production rates, in-
water transportation design, waterway access, rail or truck transload design, and potential
sediment dewatering and water treatment design. The potential locations for the transload and
disposal facilities will be evaluated during Intermediate (60%), Pre-Final (90%), and Final (100%)
RD so that results may be factored into the design reports and construction bid documents.
Trucking and rail transport requirements (e.g., lined and covered truck beds or containers), haul
route requirements (e.g., routes, dust control), and disposal facility requirements (e.g.,
documenting facility permits and approvals) will be evaluated throughout RD and presented in
the BODR.

3.71.8  Dredge Residuals Management

Dredge residuals refer to the contaminated sediments found at the post-dredge surface, either
within or adjacent to the dredging area, as depicted in Figure 3-2. Generated residuals refers to
contaminated sediments that have been disturbed or resuspended by the dredging equipment
but not captured and therefore settled back to the sediment bed; they tend to be relatively thin
deposits (e.g., less than a couple of inches thick). Missed inventory (i.e., undisturbed residuals)
refers to contaminated sediments that have been uncovered but not removed. The primary
causes of missed inventory are incomplete characterization, resulting in inaccurate remediation
designs, and incomplete dredging due to technical and logistical limitations (e.g., structural
setbacks) (USACE 2009).
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The RD will develop a multiple-pronged strategy that anticipates dredge residuals and
establishes a phased approach to proactively plan for and respond to them. LDWG will work
with EPA to determine how to discern residuals from missed inventory and what concentration
thresholds will be considered acceptable as residuals. Dredge residuals will be managed by
specifying appropriate dredging performance standards in the specifications, developing a
dredge residuals monitoring approach and decision framework in the CQAP, and including
appropriate dredge residuals response requirements in the plans and specifications.

The three general management approaches for dredge residuals are anticipated to include
contingency redredging, RMC, and MNR. Contingency redredging can be conducted to attempt
to reduce contaminant concentrations at the surface, but this approach has often been
inefficient with little reduction in residual concentrations (USACE 2008). Typically, contingency
redredging is used to target only high-concentration dredge residuals.

The second management strategy is to place clean sand RMC. This approach provides greater
certainty in achieving dredge residuals performance criteria (USACE 2008) and RMC is regularly
used to manage thin deposits of generated residuals. Placing RMC has a similar purpose as
placing an ENR layer to accelerate the natural recovery process and is described further in the
next section.

After required dredging is completed, and in areas where the residuals concentration is
sufficiently high (as determined by post-dredge compliance testing), RMC may be used to
address dredge residuals. The RMC is typically a relatively thin layer (e.g., nominally 6 to

12 inches) of clean sand as determined during RD. The RD will include the following RMC design
components:

e Materials specifications

e Potential material source identification

e Estimates of surficial post-dredge residual contaminant concentrations
e RMC thicknesses

¢ RMC horizontal extents

¢ RMC placement methods

Finally, dredge residual layers tend to be thin and have low density, and therefore are amenable
to MNR. Exceedances due to dredge residuals also tend to be transient, so project goals may be
met by MNR alone in some dredge residual areas.

3.71.9  Post-Dredge Backfilling

Backfilling dredged areas with clean material may be necessary in some areas to restore pre-
dredge elevations for habitat purposes. Backfill can also serve a residuals management function.
The RD will include design of backfilling integrated, as appropriate, with the design for habitat
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replacement and reconstruction (see Section 3.8). The backfilling design will include the
following:

Materials specifications

Potential material source identification

Estimates of surficial post-dredge residual contaminant concentrations
Backfill thicknesses

Backfill horizontal extents

Backfill placement methods

3.7.2 Capping

The RD for cap areas will consider the physical, chemical, hydrodynamic, and hydrogeological
properties of cap areas. These factors include bathymetry, existing infrastructure and
obstructions, groundwater advection, bioturbation, intertidal site use, and potential erosive
forces, such as current velocities, propwash, and wave or wake action.

Caps will be designed to isolate and stabilize existing sediments in general accordance with the
Assessment and Remediation of Contaminated Sediment Program Guidance for In Situ
Subaqueous Capping of Contaminated Sediments (Palermo et al. 1998). The guidance document
recommends a generalized approach to designing an in situ cap, including considerations of the
following specific design components:

Assessment of the potential contaminant mobility from the sediment into the water
column, and design of a cap component to prevent breakthrough within a given design
life

Assessment of bioturbation potential of local burrowing benthic organisms; design a cap
component to physically isolate them from contaminated sediment

Assessment of cap design in intertidal areas where potential clamming may occur
Evaluation of construction and placement methods, and identification of performance
objectives and monitoring methods for cap placement and long-term assessment
Identification of candidate capping materials that are physically and chemically
compatible

Assessment of the operational considerations and determination of restrictions or
additional protective measures (e.g., institutional controls) needed to ensure cap integrity
Evaluation of the long-term effects of sea level rise and climate change on cap integrity

In addition, the following design consideration will also be evaluated:

Lower Duwamish Waterway Group

Assessment of intertidal seeps and preferential groundwater flows that affect

groundwater velocities and cap construction in intertidal areas
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Cap modeling performed during RD will determine the cap thickness, cap material types, and
material gradation. The cap will be designed to resist the following erosive forces, as applicable:
¢ Hydrodynamic flows: The caps will withstand scour from high-flow events. Caps near
outfalls will be designed to withstand currents associated with the outfall flows, including

surface flows at low tide.

¢ Propwash and wakes: The cap design will assess the potential forces from propwash and
vessel-generated wakes. Representative recreational and commercial vessels will be
selected for evaluation during RD; the selected design criteria vessel(s) will be identified in
the BODR.

e Wind-generated waves: The effects of wind-generated waves will also be evaluated
during the cap design, although the wind-generated wave impacts are expected to be
minor relative to the other erosional forces in the upper reach. The capping design
consists of several steps that are integrated with the other major design components. The
first step in the capping design is to identify the areal extent of capping that can be used
as described in Sections 3.3, 3.4, and 3.5. Identification of critical habitats and utilities may
require modifications to the extent of capping. The areal extent of capping will be used to
quantify capping areas and cap material volumes. ROD Figures 19 and 20 (included in
Appendix A of this RDWP) identify where capping may be used.

The materials at the top of the cap (i.e., cap surface) will be sized to resist erosive forces, and
available material sources will be considered in developing cap material specifications. Once cap
material volumes and material specifications have been developed, a combination of
performance and method specifications will be developed to specify means and methods for
cap material transport, handling, and placement.

The Preliminary (30%) RD will develop preliminary capping plans (i.e., drawings) showing the
horizontal limits of capping. The Preliminary (30%) RD will also include a list of the relevant
technical specifications related to capping.

The Intermediate (60%), Pre-Final (90%), and Final (100%) RD phases will refine capping plans,
siting of marine access points and capping materials transport, and results of infrastructure
information not available at the Preliminary (30%) RD phase. Prospective sources of cap material
and methods for transporting the material will be identified. The specifications outlined during
the Preliminary (30%) RD will be further developed and finalized during subsequent RD phases,
and in response to EPA comments.
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3.7.2.1  Capping Design Factors for Federal Navigation Channel

Capping design within the FNC will consider final post-remedy surface elevations, such that they
are maintained at or below the ROD-mandated authorized depth offsets. In order to avoid
potential damage to a cap during federal maintenance dredging, the top of any cap will be at
least 4 feet below the FNC-authorized depth as required by the ROD and as noted in comments
from the USACE (2013). In addition, use of RMC to address dredge residuals contamination may
be necessary and would need to be accounted for in the dredging design.

3.7.2.2 Capping Design Factors for Intertidal Areas and Areas Outside Federal
Navigation Channel

For areas outside the FNC where navigation depths are maintained by private or public entities

(called berthing areas in the ROD, but could include slips or entrance channels), any capping

remedial action will have a top surface at a minimum of 2 feet below the operating depth as

determined during RD.

Material placement (e.g., capping, backfill, or RMC) would be designed to avoid the loss of
aquatic habitat and preserve an appropriate range of habitat elevations in the intertidal zone.
This includes cap thickness and material selection design considerations within Tribal clamming
areas in the intertidal zone. Habitat design considerations are discussed further in Section 3.8.

3.7.2.3  Capping Design Factors for Infrastructure and Slope Areas

The RD will incorporate cap design factors when capping adjacent to or under existing
infrastructure, utilities, and slopes. The RD will identify areas where capping may be impractical
based on the operational characteristics of the capping equipment and the presence of
permanent structures or obstructions that could potentially interfere with capping activities.

Besides the potential impact to water depths, capping can also have adverse impacts to
structure and slope stability due to the added weight of the cap. Similar to dredging, cap
placement offsets may be necessary to prevent impacts to the stability of existing structures,
slopes, and utilities. The cap design will consider factors such as the type and condition of
existing structures and slopes, and the geotechnical conditions of areas of stability concern. The
extent of any necessary slope setbacks or structural offsets and how remaining contaminated
sediment will be managed will be presented on the design drawings.

In locations where standard capping equipment cannot place capping material due to
obstructions, alternate methods for placing cap materials will be evaluated. The design will
consider applying location-specific capping technologies to areas with structural or access
constraints (e.g., underpier areas and in the vicinity of dolphins/piling, bulkheads, and riprapped
or engineered banks).
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Potential obstructions are similar for capping and dredging equipment and may include but are
not necessarily limited to the following:

e Structures (e.g., bridge abutments, wing walls, bulkheads, mooring dolphins) whose
structural integrity may be adversely impacted by capping

e Low clearance structures (such as bridges and piers)

e Other physical obstacles within the waterway that cannot be removed prior to capping
(e.g., concrete cribs, very large boulders, bedrock, stormwater outfalls)

e Buried utilities or utility crossings

3.7.2.4 Sediment Resuspension Management During Capping

Capping activities will result in turbidity impacts. Most of this turbidity will be from fines
contained in the clean cap material as it descends through the water while being placed;
however, some resuspension of the bed sediment may occur depending upon the contractor’s
cap placement method. Sediment resuspension during capping may also result from propwash
disturbance from capping equipment and attendant vessels (e.g., tugboats), clean material
spillage from haul barges, and disturbance of the bed from capping equipment or barge
spudding/anchoring.

Disturbance of the existing bed sediments during capping is commonly managed by specifying
limits on the initial lift thickness of the cap material, to avoid bearing capacity failure of the
sediments, as well as requiring placement techniques that spread the cap material.

Turbidity from clean fines in the capping material can be reduced to an extent by limiting the
fines content in the materials specification. However, some fines are always present and the
need to evenly spread the capping material will result in the resuspension of the clean fines.

Many of the other resuspension mechanisms mentioned above can be limited through BMPs,
such as avoiding spudding or propwash (as practical) in cap placement areas.

Capping operations have been used extensively in the Pacific Northwest and nationally to isolate
contaminated sediment. Lessons learned from many previous sediment remediation projects
indicate that special equipment or barriers are not necessary to ensure protectiveness during
clean cap placement operations. The BODR will identify proven BMPs typically required during
capping operations that the contractor will be required to follow in order to limit sediment
resuspension in addition to performance specifications.

3.7.3  Enhanced Natural Recovery

ENR entails placing a thin layer (nominally 6 to 9 inches thick) of clean material to accelerate
natural recovery processes. ENR is not applicable in Recovery Category 1 areas. In Recovery
Category 2 and 3 areas, ENR may be selected for intertidal and subtidal areas based on COC
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concentrations and the potential for sediment scour, as indicated in ROD Table 28 and on ROD
Figure 17 (included in Appendix A of this report).

The RD will design ENR thickness considering material type, placement tolerances, and
protectiveness. Habitat-compatible ENR material specifications will be developed during RD for
habitat areas as discussed in Section 3.8. The ENR may include in situ treatment using AC or
other amendments as discussed in Section 3.7.5.

3.7.3.1  Enhanced Natural Recovery Design Factors for Federal Navigation Channel
The ENR design within the FNC will consider final post-remedy surface elevations, such that they
are maintained at or below the ROD-mandated authorized depth offsets. The top of any ENR
layer will be below the FNC-authorized depth.

3.7.3.2  Enhanced Natural Recovery Design Factors for Areas Outside Federal
Navigation Channel

For areas outside the FNC where navigation depths are maintained by private or public entities

(called berthing areas in the ROD, but could include slips, entrance channels), any ENR remedial

action will have a top surface below the operating depth as determined during RD.

The ENR design will consider factors such as the type and condition of existing slopes and
banks, and the geotechnical conditions of areas of stability concern, to determine effectiveness
and stability of ENR materials in these areas.

3.7.3.3 Sediment Resuspension Management During Enhanced Natural Recovery
Placement

ENR placement will result in resuspended sediment similar to capping placement as described in

Section 3.7.2.4. The BODR will identify BMPs that the contractor will be required to follow to

limit potential sediment resuspension during ENR placement operations.

3.7.4  Monitored Natural Recovery

MNR will be applied in all areas below the benthic RALs but above the benthic SCO (remedial
action objective [RAO] cleanup level) that are not remediated through capping, dredging, or
ENR. For all areas where MNR is applied, compliance monitoring of surface sediments (top

10 cm) will be implemented to evaluate whether the RAO 3 cleanup levels (benthic SCO criteria)
are being achieved in a reasonable time frame or are not met within 10 years after remediation.

During RD, a decision framework will be developed in compliance monitoring to identify
potential contingency measures if RAO 3 is not met in a reasonable restoration time frame. In
contrast, MNR below benthic SCO areas will be monitored as part of the site-wide monitoring
program to track progress toward achieving RAOs 1 and 2.
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3.7.5 In Situ Treatment

ENR with in situ treatment may be used as a remedial technology depending on the results of
the ongoing ENR/AC pilot study. Following completion of the pilot study, EPA will consider, in
coordination with the State and Tribes, the use of in situ treatment with ENR (i.e., the ENR sand
layer may be amended with AC or other sequestering agents to reduce the bioavailability of
organic contaminants such as PCBs). The effectiveness and potential impacts of using in situ
treatment or amendment technologies, as well as the areas best suited for these technologies,
will be defined during RD considering the findings from the ENR/AC pilot study (see

Section 2.3.2) and PDI results.

EPA may consider the use of in situ treatment in some of the Recovery Category 1 areas where it
can be demonstrated that ENR with in situ treatment will maintain its stability and effectiveness
in these areas over time. EPA may also consider ENR with in situ treatment in areas with COC
concentrations up to the benthic cleanup screening level if it can be demonstrated that it will
maintain its effectiveness over time.

The ENR/AC pilot study report may identify additional data that could be useful for designing in
situ treatment using AC. This report is anticipated to be available during RD.

3.8 Habitat Design Considerations

To meet the substantive requirements of the Endangered Species Act and Section 404 of the
Clean Water Act, sensitive species and their habitat will be identified within the active
remediation areas as part of a biological assessment. The biological assessment (BA) will be
prepared as a Pre-Final (90%) RD submittal and will evaluate potential impacts associated with
the remedial actions.

A goal of the RD is to reestablish habitats impacted by the remedial activities, which may include
restoring intertidal area elevations and substrate (i.e., restore dredged areas to pre-dredge
elevations with suitable backfill). The RD will include an evaluation of pre-construction and
proposed post-construction habitat areas and substrates, which will be considered in the
Endangered Species Act consultation and Section 404(b)(1) evaluations. Materials used for caps,
ENR, and backfill placement will be evaluated to assess habitat suitability in consultation with
EPA. During RD, details and specifications will be developed for habitat elements for the
reestablishment of targeted habitats.

EPA will use the information in the BA and the RD to conduct their Endangered Species Act
consultation.
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3.9 Other Design Considerations

3.9.1 Climate Change

Climate change impacts potentially affecting the greater Puget Sound region and relevant to the
LDW include sea level rise; changes in precipitation patterns; and overall hydrological changes.
Climate change adaptation generally focuses on evaluating the system'’s vulnerability to climate
change and implementing adaptation measures, when warranted, to ensure the remedy
continues to prevent human or environmental exposure to contaminants of concern

(EPA 2015b).

Sea Level Rise

Climate change is expected to continue to increase sea levels over the next few hundred years
(CIG/UW 2017). Anticipating an increase in mean sea level will correspond to a likewise increase in
design water levels at the site; however, not all components of the RD are anticipated to be affected
by an increase in design water levels. For example, dredging will not be impacted by the increase in
water depth, and caps and ENR layers are designed for constant or tidal immersion. The design of
engineered components of the remedy (e.g., shoreline caps) will need to incorporate potential long-
term impacts from climate change by including erosion-resistance aspects (i.e., increasing elevations
of anticipated shoreline stabilization; Webb and Schuchardt 2017).

Hydrodynamics

Increases in design water levels may result in a change (e.g., decrease) to bottom currents due to
river/tidal currents and propwash velocities. These changes in bottom currents will be
considered in the RD for engineered caps. In addition to rises in sea level, the increase of
flooding in low-lying areas, higher tides, increased storm intensity and frequency, and heavier
precipitation events could change LDW flow velocities and/or the frequency of high-flow events;
however, ongoing water management practices at the Howard Hanson Dam effectively control
peak river flows (USACE 2014; Brettmann 2017). The Adaptation Strategies for Resilient Cleanup
Remedies (Ecology 2017) identifies potential vulnerabilities for sediment cleanup sites, such as
the increased risk for scour, erosion, and habitat loss; the compromise of overwater structures;
and the effect on remedy integrity and performance (e.g., caps, ENR).

Additional modeling of climate change on future hydrodynamics is not necessary for RD. First,
propwash velocities tend to control cap design because they are much higher than velocities
due to river flows. Second, ongoing water management practices at the Howard Hanson Dam
effectively control most peak river flows in the Duwamish River (USACE 2014). Sea level rise will
be considered external to the hydrodynamic model for similar reasons.
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Sediment Load

Uncertainties in estimates of sediment load were evaluated as part of the RI/FS process. Climate
change impacts and land use changes of upstream areas in the Duwamish watershed may affect
the relative and total sediment contributions to the Duwamish Waterway. Past modeling
addressed uncertainty in upstream sediment loads by using bounding assumptions 50% greater
or 50% less than the estimated average upstream sediment load. These results will be
considered in RD. No further modeling of these effects on sediment loads is planned due to the
infeasibility of predicting changes to sediment load that have many contributory factors (e.g.,
upland development, agricultural practices, erosion, dam operations, stormwater discharges).

Design Approach

The RD will be developed using existing model results and design parameters based on existing
environmental conditions and analyses (e.g., using the existing results from previous hydrologic
and STM model runs, existing tidal ranges, etc.). The Intermediate (60%) and Pre-Final (90%) RD
will evaluate potential impacts on the design from climate change and include revised design
and long-term monitoring elements as appropriate to improve the resiliency of the remedy. The
LTMMP outline will identify any expected measures for climate change adaptation, such as
defining events that may trigger additional monitoring elements (e.g., 100-year high-flow events
could trigger surveys or inspections in some locations).

3.9.2 Green Remediation
The RD will assess and specify greener construction activities to the extent practicable (e.g.,
during dredging, sediment handling, transportation, and disposal) consistent with EPA
Region 10's Clean and Green Policy (EPA 2009a) and the Superfund Green Remediation Strategy
(EPA 2010). The BODR will identify guidance documents that will be reviewed to inform the RD
(e.g., ASTM E2876-13, Standard Guide for Integrating Sustainable Objectives, ASTM E2893,
Standard Guide for Greener Cleanups). Additional guidance documents (if used) will be identified
in the BODR. The core elements identified in these EPA documents include the following:
e Use energy conservation/efficiency approaches (including Energy Star equipment) and
electric construction equipment where applicable.
e Use cleaner fuels (e.g., low-sulfur fuel or biodiesel), diesel emission controls and retrofits,
and emission reduction strategies.
e Use water conservation/efficiency approaches (including Water Sense products).
e Use reused/recycled materials within regulatory requirements.
e Minimize transportation of materials and use rail rather than truck transport to the extent
practicable.
e Protect land and ecosystems near the site.
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Anticipated remedial construction activities will be evaluated to identify potential opportunities
to implement the remedy consistent with the goals of the Green Remediation Strategy.
Construction approaches that can be specified to address multiple goals will be highlighted.

3.10 Pre-Construction and Construction Submittals

Final (100%) RD will identify pre-construction and construction submittals that the selected
construction contractor will be required to prepare. These pre-construction and construction
submittals are delivered by the contractor.

The primary pre-construction submittal will be the construction contractor's RAWP. The RAWP
will describe construction details. For example, the construction contractor will be responsible
for identifying and securing specific transload facility locations and staging areas, listing
equipment types and numbers to be used during construction, identifying haul routes, and
listing import material sources. The contractor will also be responsible for developing and
implementing the Vessel Management Plan, coordinating with Tribal fishing activities, and
developing detailed construction schedules.

The contractor's RAWP is anticipated to address the following minimum construction elements
that will be defined during RD:
e Contractor's Organization and Communication Plan
e Contractor's Health and Safety Plan (including community health and safety)
e Contractor’s Construction Quality Control Plan
e Construction schedule and work hours
e Construction sequencing
e Location of transload and disposal facilities
e Staging areas and site preparation
e Engineering controls for all active remedial actions (e.g., dredging, capping, ENR,
treatment)
e Environmental controls and BMPs
e Dredging and material placement operations (i.e., capping, ENR, in situ treatment, RMC)
e Dredge materials handling, potential dewatering, potential water treatment, and
discharge operations
e Material transload, transportation, and disposal operations
e Vessel Management Plan
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Additional anticipated pre-construction submittals often include the following:

e Insurance and bonding

e Disposal facility certifications

e Contractor's surveyor licensing/certifications

e Example contract administration forms (e.g., progress payments, change notifications,

value engineering proposal requests, requests for information)
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4 Remedial Design Support Activities

This section describes activities that will be conducted throughout the upper reach to support
the RD process, as outlined in Section 3. These activities will provide the information needed to
complete RD and to comply with ARARs. Results will be incorporated into the design and
documented in the BODR. The deliverables associated with the design support activities are
included under each effort and are summarized in Section 6.

4.1 Pre-Design Investigation Activities

RD will follow a phased approach that allows sufficient time for data gathering, engineering
analyses, and EPA review at key project milestones. Field investigations that are needed to
support the upper reach RD are detailed in the PDIWP (Appendix C). PDI will be conducted at
the initial stage of the RD to address DQOs outlined in Appendix C and at a minimum will
include the following:

e Sediment quality characterization to determine preliminary remedial action areas and
technology assignment

e Geotechnical studies to inform dredge and cap design and work around existing
infrastructure

e Physical and geophysical surveys, bathymetric/topographic surveys, and infrastructure
condition surveys to inform remediation technology selection; geometric design of
dredging, capping, and ENR; construction offsets and no-work area location; slope
stability; and habitat conditions and considerations

The PDIWP (Appendix C) describes in detail the conceptual sampling plan (i.e., general principles
applied for the sampling decision) and proposed data collection efforts for the two PDI phases
to support RD. If any data gaps remain following the Phase Il PDI, the Preliminary (30%) RD
documents, or in EPA’s review of those documents, a Phase Ill PDI sampling event will be
conducted. A summary of the phased PDI studies, results, and preliminary remedial action areas
and technology assignments will be presented in PDI Data Evaluation Reports (see

Section 6.1.4).

An updated bathymetric survey was initiated in May 2019, in accordance with the EPA-approved
Quality Assurance Project Plan: Pre-Design Surveys of the Lower Duwamish Waterway Upper
Reach (Appendix D), in advance of the Phase | PDI. The updated bathymetry will inform potential
refinements to Recovery Category assignments.
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4.2 Base Mapping

A base map of the upper reach is necessary to support RD because it is the basis for developing
plans, identifying property lines, establishing potential access points (e.g., public roadways, haul
routes), determining constraints due to structure presence (e.g., bridges, underwater clearance),
and identifying utility locations. Detailed maps of the site are available and will be supplemented
as needed during RD. Base mapping activities that will supplement existing mapping will be
obtained from the following additional field surveys:

e Bathymetric and topographic surveys

e Structure and debris surveys (as-builts where available; structure dimensions from
surveying; and condition assessments from visual inspection)

e Utilities (private locate, utility owner, National Oceanic and Atmospheric Administration
maps as sources)

e Habitat delineation

In addition to field surveys, mapping conducted by others may be acquired and used to aid in
the RD, such as aerial photography, adjacent infrastructure, property boundary maps, and
historical landmarks.

All supporting mapping information obtained will be merged into the base map using the tidal
reference datum of MLLW (the average of the lower low-water height of each daily epoch), for

the Final (100%) RD process. The compiled base map of the entire upper reach will be prepared
during Preliminary (30%) RD.

4.3 Hydrodynamic Information

Existing hydrodynamic modeling information will inform cap design stability criteria and cap
material specifications to protect the cap against both predicted velocities up to the 100-year
discharge event and vessel-induced scour forces (e.g., propeller scour, vessel wakes). The
hydrodynamic model’s predicted velocities and flow directions will also be used to assess
sediment resuspension impacts during dredging and select appropriate types of sediment
resuspension BMPs if needed.

The anticipated range of climate change effects on hydrology, peak river flow velocities, sea
level, and bathymetry will be incorporated into the RD analyses as discussed in Section 3.9.1.

4.4 Zero-Rise Evaluation

A zero-rise evaluation may need to be conducted to ensure that the RD complies with federal
and state floodplain management ARARs, depending on the specifics of the RD.

Section 60.3(d)(3) of the National Flood Insurance Program and King County Code

Section 21A.24.240 (zero-rise flood fringe) stipulate that any development or alterations to the
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floodplain shall not increase the base flood elevation or energy grade line elevation during the
occurrence of the 100-year flood discharge. Per the Federal Emergency Management Agency
(FEMA) Region 10 guidance document Procedures for “No-Rise” Certification for Proposed
Developments in the Regulatory Floodway (FEMA 2013), a "no-rise” certification may need to be
obtained for the upper reach remedial action based on hydraulic analyses.

If a zero-rise evaluation is required, the USACE's Hydrologic Engineering Center — River Analysis
System (HEC-RAS) hydraulic model would be used to evaluate the effect of the remedial action
on the 100-year flood elevation. This model would be used to estimate the pre-construction and
post-construction flood stage elevations in the upper reach and upstream and downstream of it.
HEC-RAS is the FEMA-accepted modeling tool used for determining the base flood elevations
reported in FEMA Flood Insurance Studies. The existing HEC-RAS floodplain model developed
by FEMA for the Duwamish River would be used directly to represent pre-construction
conditions and would be modified at the site location to represent post-construction conditions.

The zero-rise analysis may need to be conducted to demonstrate that the remedial action does
not result in unacceptable flood rise in the Lower Green/Duwamish River during the 100-year
return interval flood event. Results from the zero-rise analysis will be documented in the BODR.

4.5 Transload Facility Requirements

A transload facility is a specified location where dredged material will be offloaded from one
mode of transportation (in-water, such as barges) and loaded onto another mode (upland, such
as trucks or rail) for upland transport and off-site landfill disposal. The transload facility typically
serves the following purposes: dredged material temporary stockpile; rehandling operations;

ex situ treatment (if applicable); dewatering and water treatment (if applicable); equipment
laydown for temporary storage; water-based equipment mooring and adjacent upland staging;
and decontamination area (including wheel wash for haul trucks and related equipment).

Commercial transload facilities have been previously set up at existing facilities to support
dredging and capping projects within the LDW and have been used by some of the EAA
projects. The current infrastructure, condition, and capacity of these existing commercial
facilities will be evaluated during RD.

Existing transload facilities may have production rate limitations, and they can also be used by
multiple projects at the same time. LDWG may decide to assess the feasibility of establishing
one or more dedicated transload facilities for the upper reach remedial actions, which would
necessitate additional ARARs evaluations (for substantive compliance and/or permitting
requirements). Results from the assessments will be documented in the BODR.
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4.6 Potential Water Quality Impacts

Potential water quality impacts due to sediment resuspension associated with dredging and
other remedial actions (in-water work) are expected to be temporary and located at or close to
the point of disturbance. Water quality monitoring has been conducted during the construction
of the EAAs and many similar regional sediment remediation projects. The most common water
quality issue observed has been occasional exceedances of turbidity criteria, either during
dredging or placement of clean cap/ENR material. As discussed in Section 3.7, a range of BMPs
will be evaluated and summarized in the BODR to minimize and reduce the degree of
resuspension.

4.7 Dredged Material Treatment

Two regional Subtitle D landfills (Waste Management, Inc., located at Columbia Ridge, Oregon,
and Allied Waste, Inc., located at Roosevelt, Washington) are permitted to accept “wet”
sediment (i.e., containing free liquid) generated from mechanical dredging, thereby avoiding the
need to stabilize or dewater mechanically dredged materials prior to transport. Hydraulically
dredged sediment would need to be dewatered prior to transport to landfills. However, the
overall need for treatment studies will be assessed when preparing the Phase Il PDI Data
Evaluation Reports that will inform dredging, dewatering, water management, transportation,
and disposal design. LDWG may decide to assess specific dredged material treatments if PDI
data evaluation suggests there may be value in treating the dredged material, but treatment
studies are not anticipated at this time.

The selected remediation contractor may also propose to conduct treatment studies during pre-
construction to inform their construction means and methods for elements such as sediment
dewatering or water treatment.

No dredged material treatment studies are anticipated to be needed to complete RD. If specific
dredged material treatment studies are determined to be necessary, a QAPP addendum for
treatment studies would be developed for the Phase Ill PDI and summarized in the Phase Il PDI
Data Evaluation Report. Findings from these studies and how they will be incorporated into RD
will be described in the 60% BODR.

4.8 Waste Characterization

The PDIWP (Appendix C) summarizes the characterization of potential waste material (i.e.,
dredged material) to provide preliminary data about whether the waste material meets both
regulatory requirements and bulk chemistry and leachate concentration requirements for
disposal at specific commercial landfill facilities. Waste characterization data are anticipated to
be collected as part of Phase Il or Phase Il PDI and summarized in the Phase Il or Phase Ill PDI
Data Evaluation Report.
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49 Clean Material Source Identification

Locally available sources of aggregate material (e.g.,, commercial sand and gravel quarries) that
can supply materials for capping (e.g., sand, gravel, armor rock) and ENR (e.g., sand) will be
identified during RD. The contractor will ultimately select appropriate material suppliers that can
meet the design quantities, gradations, and chemical quality criteria established for each
material type during RD.

Monitoring results from the ENR/AC pilot study will inform and describe the effectiveness of
using AC as an in situ treatment with ENR. AC is also a common amendment for cap designs. If
the AC amendment is included as a component of the RD for ENR or as a cap amendment,

AC vendors that can meet the design quantities and other prescriptive criteria established for
AC will also be identified during RD.

The BODR will present the results from the supplier research and material source identification.

410 Archaeological, Cultural, and Historic Surveys

The LDW and vicinity encompasses cultural resources including archaeological sites, districts, historic
buildings and structures, objects, traditional fishing locations, and areas of cultural or spiritual
significance. Consistent with Section 106 of the National Historic Preservation Act of 1966, and to
comply with historical and archaeological preservation requirements, any cultural resources in the
vicinity of the upper reach potentially impacted by remedy implementation (e.g., upland areas used
for staging) and included or eligible for inclusion in the National Register of Historic Places will be
assessed to determine whether remediation plans need to accommodate cultural resources.
Confirmation of this assessment will be documented in the BODR.

An Inadvertent Discovery Plan will be prepared, including specifications to ensure protection of
historical Native American artifacts and cultural and archaeological resources. Confirmation of
Section 106 compliance will be conducted during the Preliminary (30%) RD. The Inadvertent
Discovery Plan will be drafted at the Pre-Final (90%) RD phase and finalized during the Final
(100%) RD.

411 Tracking Changes in the Upper Reach During Design

Bank or in-water construction activities (e.g., permitted maintenance dredging) within the limits
of the upper reach may take place during the anticipated RD duration. Upper reach construction
activities could modify existing conditions. Therefore, any planned or completed construction
activities within the upper reach from 2019 (representing the upper reach RD notice to proceed)
through anticipated RD completion in 2023 (see Section 7) will be tracked and summarized in
the BODR. Construction activities will be documented by tracking USACE permits and through
communications with water-dependent users (see Section 2.5).
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In addition, the 2018 waterway user survey (Integral et al. 2018), plus findings from the Phase |
PDI (in terms of horizontal delineation of extents of contamination and remedial technologies
assignments), should help to identify remaining data gaps needed to support the design

(e.g., assessing waterfront infrastructure and banks near remediation areas, identifying potential
sources of disruption during construction).

Should non-remediation-related construction take place between RD and remedial construction,
the implementing entity will review the changed conditions and revise the Drawings and
Specifications as necessary.

412 Source Control Integration

Remedial construction of the upper reach will proceed following source control sufficiency
determinations. Ecology has identified 24 source control areas for the LDW as part of their
source control strategy (Ecology 2016) for the LDW sediment remedy. Nine of these source
control areas (10 through 14 and 21 through 24) drain to the upper reach, and sufficiency
recommendations will be developed for each of these areas by Ecology (although areas may be
bundled in documentation). EPA is expected to complete the sufficiency determinations by Final
(100%) RD for the upper reach. Ecology may consult on source control evaluations with the LDW
Source Control Workgroup (currently consisting of representatives from Ecology, King County,
the City of Seattle, the Port of Seattle, Puget Sound Clean Air Agency, Washington State
Department of Transportation, and EPA; see ROD Section 13.2.7)."

Ongoing coordination between Ecology, EPA, and LDWG (during RD) and the implementing
entity (during contracting and remedial action) will be necessary to ensure that the RD details
(e.g., areas targeted for active in-waterway sediment remediation activities) pertaining to source
control activities are provided to Ecology in a timely manner, through routine check-ins and at
critical RD milestones. The following proposed milestones represent anticipated coordination
check-ins during RD, which may be modified at the direction of EPA:
e Following the PDI Phase | data evaluation, when approximate active remedial action areas
are delineated
e Following Preliminary (30%) RD, when remedial action area boundaries, bank remediation
footprints, and technology assignments are nearly complete
e Following Pre-Final (90%) RD, when remediation contracting schedules are being planned
to accommodate the source control sufficiency determinations that precede remedial

construction

4 Information on the current status of source control efforts can be found on Ecology's website available at:
https://ecology.wa.gov/Spills-Cleanup/Contamination-cleanup/Cleanup-sites/Toxic-cleanup-sites/Lower-Duwamish-
Waterway/Source-control.
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413 Site Access

Site access must be considered throughout RD (e.g., for PDI field sampling, RD geotechnical
work, and in planning for equipment and materials staging, shore access during construction). In
addition, proprietary controls may be necessary to protect the remedy. Depending on the owner
and the nature and duration of the access, written agreements or other legal documentation
(e.g., leases, easements, deed restrictions) may be required.

Waterway and adjacent property ownership is shown in Figure 4-1. The upper reach of the
waterway consists mostly of public-owned aquatic land (the Port of Seattle and the State of
Washington) but includes some submerged portions of adjacent upland parcels. Access
agreements are not needed for sampling or transient access to Port- or State-owned portions of
the LDW Superfund Site, and it is anticipated that access for RD purposes to waterway and
upland properties owned by LDWG parties will be readily approved. Access agreements may be
required by private owners of waterway or adjacent property. During RD, properties where
access agreements are needed will be identified.

During the PDI, sampling will occur in active berths, in underpier areas, and in the vicinity of
dolphins/pilings, bulkheads, and riprapped or engineered banks. LDWG will proactively
coordinate with property owners to provide notification or obtain access agreements, as
necessary, based on specific access needs.

Property acquisition, leases, and/or easements may be needed for remedial activities that
disrupt businesses or for off-site staging areas that may be required for the contractor’s material
and equipment staging. Coordination with property owners or lessees will be needed during RD
to accommodate construction near infrastructure and in underpier areas. Construction
equipment selection will account for access constraints for vessels transiting the LDW.

As stated in Section 6, site access will be discussed in the BODR, access and easement
requirements will be included in the Preliminary (30%) RD, a Draft Permitting and Site Access
Plan will be included in the Pre-Final (90%) RD, and a Final Permitting and Site Access Plan will
be included in the Final (100%) RD. Proprietary controls will be evaluated in the ICIAP outline
submitted as part of the 90% and 100% RD submittals.

414 Documenting Substantive Compliance with Applicable or Relevant
and Appropriate Requirements

ARARSs are legally applicable or relevant and appropriate substantive standards, requirements,
criteria, or limitations under any federal environmental law, or promulgated under any state
environmental or facility siting law that is more stringent than under federal law. ARARs for the
remedial action are presented in Table 26 of the ROD (included in Appendix A of this report).
Sections 3 and 4 describe key design elements that will be used to comply with anticipated
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ARARs. The RDWP does not list all potential design needs; 30% design must be developed to
help identify applicable ARARs and assess whether there are data gaps and additional design
elements needed to comply with those ARARs. The BODR will include descriptions of how
substantive compliance with ARARs will be achieved and documented.

415 Permitting

Federal, state, and local permits are not required for CERCLA response actions that are
completely conducted on site, provided that the response action is performed in compliance
with the substantive requirements of all ARARs (EPA 1992a). During RD, EPA and LDWG will
determine if there are any permits required for remedial action outside of the ARARs listed in
Table 26 of the ROD (included in Appendix A of this report). In addition, permitting for any
necessary off-site work (e.g., landfill permits for creating a new project-specific landfill, building
permits for transload structures that are not considered to be on site) will be identified and
discussed in the BODR.

If any material is to be removed from the site for transloading, treatment, and/or disposal at
pre-existing facilities, the compliance status of these facilities will be confirmed before
beginning the removal action by contacting the appropriate EPA regional Off-Site Rule
coordinator.

A Draft Permitting and Site Access Plan will be included in the Pre-Final (90%) RD, and a Final
Permitting and Site Access Plan will be included in the Final (100%) RD.
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5 Upper Reach Physical Conceptual Site Model and Expected
Outcomes from Remedial Action

The objectives of cleanup in the LDW are to meet the following four RAOs presented in
Section 8 of the ROD:

¢ RAO 1: Reduce risks associated with the consumption of contaminated resident LDW fish
and shellfish by adults and children with the highest potential exposure to protect human
health.

e RAO 2: Reduce risks from direct contact (skin contact and incidental ingestion) to
contaminated sediments during net fishing, clamming, and beach play to protect human
health.

¢ RAO 3: Reduce to protective levels risks to benthic invertebrates from exposure to
contaminated sediments.

e RAO 4: Reduce to protective levels risks to crabs, fish, birds, and mammals from exposure
to contaminated sediment, surface water, and prey.

To meet these objectives, EPA selected a remedy that uses a variety of remedial technologies
targeted to different areas of the waterway (e.g., dredging, partial dredging and capping,
capping, ENR, MNR to benthic SCO, and MNR below benthic SCO). The predicted outcomes of
the selected remedy are summarized in ROD Section 13.4. This section describes the physical
CSM for the upper reach and includes physical impacts from implementing remedial actions in
order to conceptually discuss the expected outcomes from remediation. This physical CSM, as
shown on Figure 5-1, was also informed by the lessons learned from the remediation of the
EAAs (Section 2.3.3).

The physical CSM is intrinsic to the RI/FS process, the selected remedy, and the approach to RD
for the remedial technologies described in Section 3.7. The RD process takes into consideration
the physical CSM when conducting engineering evaluations, establishing design criteria, and
developing monitoring plans. For example, the physical CSM factors into residuals management
design, water quality monitoring planning, source control sufficiency determination, dredging
and material placement design, CQAP development of during construction monitoring, and
long-term monitoring to assess MNR effectiveness.

5.1 Sediment Sources

As discussed in Section 2.1.4 and illustrated on Figure 5-1, 99% of sediment entering the upper
reach originates from the upstream Duwamish/Green River system, with more than one-third of
it depositing in the upper reach. As a general trend, concentrations in the upper reach will
approach upstream sediment concentrations over time. Studies by Ecology (data received from
Ecology by Windward [Ecology 2009]), the USACE (2009a, 2009b), the U.S. Geological Survey
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(Conn and Black 2014; Conn et al. 2015; Conn et al. 2018), and King County (data received from
King County by Windward [King County 2016a]) have been conducted to characterize upstream
suspended solids that enter the LDW. The Data Evaluation Report (Windward 2018c) provides a
summary of these data including estimates of contaminant concentrations on suspended solids.

Lateral sources, including bank erosion, a CSO, SDs, and creeks (North and South forks of Hamm
Creek) are secondary sources of sediment into the upper reach. Source tracing samples by Seattle,
King County, and other entities have been conducted to characterize drainage solids that enter the
LDW. The Data Evaluation Report (Windward 2018c) provides a summary of these data including
estimates of SD and CSO contaminant concentrations on solids for the LDW as a whole.

5.2 Sediment Transport

In addition to sediment transported from the Green River into the upper reach, other sediment
transport mechanisms include sediment scour and resuspension caused by high-flow events and
vessel maneuvering, as discussed in Section 2.1.4 (Figure 5-1). Both of these causes are ongoing
and affect the long-term concentrations that will be observed in the upper reach. Lateral
discharges from outfalls can also have localized impacts on receiving sediments near the
outfalls.

Episodic high-flow events (e.g., greater than a 2-year event) can result in increased bottom
velocities and bed resuspension. The saltwater wedge, where present, tends to reduce flow
velocities near the river bottom because the freshwater river flow will flow on top of the
saltwater wedge; therefore, river bottom velocities are higher when the saltwater wedge is
absent. Potential scour areas in the upper reach from Green River high-flow events were
identified based on STM predictions, and more are located in the FNC than in higher elevation
areas of the waterway. Sediment resuspended during a high-flow event is likely to be carried
downstream and redeposited in an area with lower velocities. Most areas in the upper reach that
are predicted to scour during a high-flow event are still net depositional on annual time scales.

Propwash from maneuvering vessels is the other primary cause of potential resuspension in the
upper reach (Figure 5-1). The FS analysis found evidence for propwash impact from
maneuvering vessels near berthing areas, and minor resuspension/mixing from transiting vessels
in the FNC (FS Section 2.3.1.1). The location of propwash scour on the sediment bed depends on
the vessel characteristics, bathymetry, sediment characteristics, configuration of the docks, and
the docking procedures used during vessel maneuvering. Propwash forces are sensitive to the
water depth below the prop, the amount of throttle used during maneuvering, and the duration
that the prop is activated in a given location. Compared to high-flow scour, most material that
has been resuspended by propwash is likely to redeposit in a nearby location due to the much
smaller footprint that can be impacted by propwash and the rapid drop-off of propwash
velocities at increasing distances from the vessel's propeller.
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5.3 Remedial Action Effects on the Physical Conceptual Site Model

Project experience in the EAAs (Section 2.3.1) and in other cleanup sites similar to the LDW can
provide insight into the expected outcomes from remedial actions. This section and Figure 5-1
briefly describe and depict the effect a remedial action has on the physical CSM and the
conceptual expected outcome from using different remedial technologies during and following
construction.

5.3.1 Dredging

Dredging removes sediment contaminated above applicable RALs from the waterway to the
maximum extent practicable. Furthermore, the process of dredging generates resuspended
sediments (i.e., dredge residuals) that are intrinsic to environmental dredging projects
(USACE 2008).

Most resuspended sediment from dredging is expected to settle near the dredging area and
have approximately the average concentration of the dredged material. Dredge residual
deposits tend to be thin (e.g., less than a couple of inches thick) with low density, high water
content, and very low strength, and are therefore difficult to redredge.

In the short term, dredging impacts the physical CSM because it results in additional
resuspension of contaminated sediments, which can cause a short-term increase in observed
surface sediment concentrations within and adjacent to the dredging area. An RMC layer may be
placed on recently dredged areas as an engineering control to stabilize and reduce
concentrations in the biologically active zone (Figure 5-1).

The potential impact from dredging is considered a short-term effect and negligible with
respect to long-term expected outcomes. As observed during EAA construction, any increases in
sediment concentrations in and adjacent to dredging areas are expected to be gone within

1 year to a few years following construction.

5.3.2 Capping

Capping isolates contaminated sediment from surface exposure. Cap placement is expected to
create turbidity in the water column during placement activities. However, this turbidity will be
transient and associated with the clean cap material, so these impacts do not impact the
physical CSM for contaminated sediment movement. Cap materials will have lower
concentrations than the incoming upstream sediment. Therefore, following construction, surface
sediment concentrations in capping areas are expected to increase toward surrounding surface
concentrations over time.
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5.3.3 Enhanced Natural Recovery

ENR consists of a thin layer of material placement, which may mix with underlying sediment
and/or newly deposited sediment over time. ENR placement is expected to create turbidity in
the water column during placement activities. However, this turbidity will be transient and
associated with the clean ENR material, so it does not impact the physical CSM for contaminated
sediment movement. ENR materials will have lower concentrations than the incoming upstream
sediment. Therefore, following construction, sediment concentrations in ENR areas are expected
to increase toward surrounding surface concentrations over time.

5.34 Monitored Natural Recovery

MNR is applied to areas with relatively low initial surface sediment concentrations and/or low
scour potential. MNR areas may be impacted in the short term by releases from adjacent areas,
either during dredging or placing clean material. Over the long term, MNR is driven by sediment
deposition and transport processes described in Section 5.2.

5.4 Anticipated Short-Term and Long-Term Post-Remediation
Outcomes

The expected conceptual outcomes to the upper reach of the remedial technologies described
in Section 5.3 are described in this section. Nevertheless, there is uncertainty associated with
accurately predicting immediate post-remediation surface concentrations for the overall upper
reach due to numerous variables (e.g., sequencing of work, contractor’s equipment selection
and construction means and methods, natural events such as high flows, and anthropogenic
influences such as vessel propwash that occur during construction).

As previously observed on the LDW EAAs,” and assuming upper reach sources are sufficiently
controlled, the expected outcome of remediation in the overall upper reach is that surface
sediment concentrations will equilibrate toward the surrounding sediment concentrations. In the
long term, as more remediation and source control occur, the sediment concentrations will
continue to decrease toward the incoming upstream sediment concentration. However, specific
areas within the upper reach are anticipated to behave differently in the short term immediately
following construction, depending upon the remedial technology implemented, as described in
the following sections.

15 For example, Duwamish Diagonal Sediment Remediation Project: 2011 and 2012 Monitoring Report (King County
2016b) and Post-Construction Surface Sediment Monitoring Report—Year 3 Duwamish Sediment Other Area and
Southwest Bank Corrective Measure and Habitat Project Boeing Plant 2, Seattle/Tukwila, Washington (Wood 2018).
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54.1 Enhanced Natural Recovery, Capping, and Backfill Placement Areas

The surface sediments are expected to be at or below cleanup levels immediately post-
placement in ENR, capping, and backfill areas because the material used for those remedial
technologies will be tested to ensure it meets specified chemical concentration criteria prior to
placement. For a short time after placement, the surface sediments in these areas will equilibrate
to reflect a combination of placed material and depositional sediments composed of
surrounding sediments and upstream and localized lateral inputs. In the long term, the surface
sediment concentrations are anticipated to equilibrate to upstream sediment concentrations as
incoming upstream sediment is deposited in the area through natural sedimentation processes.

54.2 Dredged Areas

After required dredging has been completed to design depths that account for ROD
requirements, confirmation samples will be collected in dredge areas to assess whether
remaining sediments exceed RALs. Results from the confirmatory sampling program, which will
be developed as part of the CQAP, will be used to determine whether required backfilling or
capping, additional dredging (“redredging”), or other contingency action (e.g., placing RMC) is
needed, as described in the next sections. Contingency actions and a decision process will be
developed in the CQAP.

5.4.21 Dredged Areas with Surface Concentrations Below Remedial Action Levels
If the post-dredging confirmation samples indicate surface (0- to 10-cm [i.e., the compliance
depth]) sediment concentrations are below the RALs and the benthic cleanup levels (benthic
SCO), no further dredging is required by the ROD, and backfill material, if required for elevation
reasons (e.g., habitat areas), can then be placed. These areas will be incorporated into long-term
monitoring plans to assess progress toward compliance with cleanup levels.

5.4.2.2 Dredged Areas with Surface Concentrations Above Remedial Action Levels
If the post-dredging confirmation samples indicate surface sediment concentrations above
RALs, benthic cleanup levels, or both, contingency action will be required. For dredging areas
requiring a cap or backfill, Section 5.4.1 describes the anticipated short-term and long-term
post-remediation outcomes.

54.3 Areas Adjacent to Dredging

Dredge residuals from nearby dredging activities may be transported outside of the dredging
area and then settle on the adjacent surface, causing the surface sediment concentrations in
these areas to be higher than pre-dredge conditions. Confirmation samples will be collected in
adjacent areas to assess the need for contingency actions.
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6 Remedial Design Deliverables

This section describes the deliverables to be prepared for the RD in accordance with AOC4 SOW
(EPA 2018).

6.1 Pre-Remedial Design Deliverables

6.1.1  Pre-Design Investigation Quality Assurance Project Plans

The PDI QAPPs address sample collection, analysis, and data handling. The QAPPs will include a
field sampling plan, maps with sampling locations, sampling location placement rationale, and
an explanation of DQOs, QA and quality control (QC), and chain-of-custody procedures for any
treatment studies, design, compliance, and monitoring samples. The QAPPs will address disposal
of Investigation Derived Waste in accordance with Guide to Management of Investigation-
Derived Wastes (EPA 1992b).

A QAPP and QAPP addenda will be submitted to EPA for each field sampling effort in
accordance with EPA Requirements for Quality Assurance Project Plans (EPA 2006), Guidance for
Quality Assurance Project Plans (EPA 2002), and Uniform Federal Policy for Quality Assurance
Project Plans (EPA 2005). PDI QAPP addenda will be developed and submitted 30 days after
submittal of the draft PDI Data Evaluation Report.

6.1.2  Pre-Design Investigation Health and Safety Plan

The PDI Health and Safety Plan (HASP) will describe all activities to be performed to protect on-
site personnel and others transiting the area or living or working nearby from physical, chemical,
and all other hazards posed by the work. HASPs will be developed in accordance with EPA’s
Emergency Responder Health and Safety and Occupational Safety and Health Administration
(OSHA) requirements under 29 C.F.R. §§ 1910 and 1926. EPA will not approve the HASP but will
review it to ensure that all necessary elements are included and that the plan provides for the
protection of human health and the environment.

6.1.3  Pre-Design Investigation Data
Data collected during the PDI will be submitted to EPA.
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6.1.4  Pre-Design Investigation Data Evaluation Report
The PDI Data Evaluation Reports will include the following:

e Summary of the investigations performed

e Summary of investigation results

e Narrative interpretation of data and results, with supporting figures and tables, including
updated graphics (similar to ROD Figure 18 [included in Appendix A of this report] or
more detailed) of specific remedial technologies and details of how the decision trees in
the ROD were applied (Figure 19 and corrected Figure 20 [included in Appendix A of this
report])

e Results of statistical and modeling analyses, as needed

e Photographs documenting the work conducted

e Conclusions and recommendations for RD, including design parameters and criteria, and
identification of any remaining data gaps needed to support the design

6.2 Remedial Design Deliverables

Design deliverables will be prepared and submitted to EPA at the Preliminary (30%),
Intermediate (60%), Pre-Final (90%), and Final (100%) RD stages. Table 6-1 illustrates the timing
of the development of various design deliverables in relation to the overall design process. The
following subsections present the information and documents that will be submitted as part of
the design deliverables in accordance with AOC4 SOW (EPA 2018).

6.2.1  Preliminary (30%) Remedial Design

The key deliverable of the Preliminary (30%) RD is the BODR. The draft BODR will document the
design process outlined in Sections 3 and 4 of this document. The primary purpose of the BODR
is to identify and establish design criteria for major elements of construction, present the
technical requirements of the design elements, and document how they apply to the overall
remedial action. The BODR will describe the analyses conducted to select the design approach,
including a summary and detailed justification of design assumptions, restrictions, and
objectives to be used in the design of the selected remedy, and supporting calculations.

The draft BODR will be submitted as part of the Preliminary (30%) RD and updated in
subsequent RD submittals. The BODR will include the following:
e Designation of remedial action areas based on a Recovery Category evaluation and
contaminant concentrations compared to RALs
e Designation of SMAs considering location-specific conditions (e.g., structural
considerations, geotechnical considerations, site use, habitat, etc.)
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e Narrative basis of design for selection of remedial technologies for SMAs (e.g., dredge,
cap, ENR, and MNR), including supporting technical evaluations

e Permitting, site access, and easement requirements

e Preliminary construction sequence, scheduling, and cost estimate

e Anticipated long-term maintenance and monitoring approaches, including any expected
measures for climate change adaption

e Evaluation of institutional control requirements for caps

e Archaeological monitoring and discovery

e Transportation and disposal approaches

e Scheduling and coordination of work under AOC4 SOW with other in-water work or
navigation or development projects on the bank and intertidal or subtidal areas, if they
may substantively affect RD or construction in the upper reach

e Green and sustainable remediation evaluation and implementation approach, in
accordance with Principles for Greener Cleanups (EPA 2009b)

e Approach to implementation and assurance of institutional controls,'® in accordance with
Recommended Evaluation of Institutional Controls: Supplement to the “Comprehensive
Five-Year Review Guidance” (EPA 2011); Institutional Controls: A Guide to Planning,
Implementing, Maintaining, and Enforcing Institutional Controls at Contaminated Sites
(EPA 2012a); and Institutional Controls: A Guide to Preparing Institutional Controls
Implementation and Assurance Plans at Contaminated Sites (EPA 2012b)

e Geotechnical basis of design (e.g., stable construction slope angles)

e Sediment excavation prism design and verification

e Capping design criteria

e ENR design criteria

e Descriptions of the analyses conducted to select the design approach, including a
summary and detailed justification of design assumptions, restrictions, and objectives that
will be used in the design of the selected remedy

e Essential supporting calculations (at least one) for each significant or unique design
calculation, such as cap thickness or propwash modeling

e General design elements for remedial technologies, such as:

- lIdentification of candidate transloading locations, anticipated transport methods,
and permitted upland off-site landfill facilities
- Identification of potential import material sources

Anticipated dredging and material placement equipment types

16 These do not include fish consumption advisory institutional controls, which are currently being developed under
an agreement between EPA and Seattle-King County Public Health.
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e Requirements during construction such as any needed controls and monitoring to
comply with ARARs and minimize impacts (in accordance with Section 13.2.5 and
Section 13.2.8 of the ROD)

e Contracting strategy to procure the remediation contractor
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Table 6-1
Remedial Design Elements

Document

Element

Description

Preliminary (30%)
Remedial Design

Intermediate (60%)
Remedial Design

Pre-Final (90%)
Remedial Design

Final (100%)
Remedial Design

BODR Text and/or Appendices

Basis of Design for Remedial

Development of design criteria for technology areas,
including the development dredging prisms, capping

Technologies (dredging, ing, . . L . Draft Draft Final Final
echnologies (dredging, capping thicknesses, material grain sizes, material transport @ raft fina iha
ENR, MNR>SCO) o
and transload, and other criteria.
Transload Facility Criteria Identification of candidate transloading location. Draft Draft Final Final
Green and Sustainable
L . G d sustainabl diati lculati d . .

Remediation Evaluation and reen and sustainable remediation caiculations an Draft Draft Final Final

Implementation Approach

implementation approach.

Engineer’'s Construction Project
Schedule

Engineer’s project schedule for remedial action
construction.

Draft Schedule

Final Schedule

Engineer’s Capital and Operation
and Maintenance Cost Estimate

Cost estimate for post-construction operations,
maintenance, and monitoring.

Draft Cost Estimate

Final Cost Estimate

ARAR Compliance Evaluation

Descriptions of how compliance with ARARs will be
achieved and documented.

Draft Evaluation

Final Evaluation

Habitat Area Identification

Identification of sensitive species and their habitat
areas within the upper reach to facilitate the Biological
Assessment and comply with the Endangered Species
Act and Section 404 of the Clean Water Act.

Draft Identification

Final Identification

30% Drawings plus a list of all

60% Drawings plus a list of all

Specifications

Specification

Emergency Response Plan itself will be a component
of the contractor's RAWP.

Drawings Drawings RD drawing package. drawings for subsequent drawings for subsequent 90% Drawings 100% Drawings
submittals submittals
Specifications RD specification package. Outline Revised Outline 90% Specification Package 100% Specification Package
Procedures to be followed in the event of an accident
Emeraency Response Plan or emergency during remedial construction.
gency Resp Requirements will be defined in the Specifications; the Outline Revised Outline 90% Specification 100% Specification

Vessel Management Plan
Requirements

Anticipated vessel operations necessary to complete
the remedial action such as types of vessels, access
points, and vessel frequency. The Vessel Management

Plan itself will be an element of the contractor’'s RAWP.

90% Specification of Required
Elements

100% Specification of
Required Elements

LTMMP Outline

LTMMP Outline

Post-construction long-term operations, maintenance,
and monitoring elements, including any expected
measures for climate change adaptation.

Draft Outline and Description

Revised Outline and Description

Annotated Outline and
Description

Annotated Outline and
Description

Sediment Remedy ICIAP Outline

Sediment Remedy ICIAP Outline

Evaluation of the most appropriate institutional,
proprietary controls and location-specific use
restrictions needed to ensure long-term effectiveness
of the remedy.

Draft Outline and Description

Revised Outline and Description

Annotated Outline and
Description

Annotated Outline and
Description
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Preliminary (30%)

Intermediate (60%)

Pre-Final (90%)

Final (100%)

Document Element Description Remedial Design Remedial Design Remedial Design Remedial Design
Descriptions of activities that will be implemented to
th dial acti tructi tisfies all . .
CQAP CQAP ensure the remedial action construction satisties a Summary Table Revised Summary Table Draft Plan Final Plan
plans, specifications, and related requirements,
including quality objectives.
WQMP WQMP Plan for Follecting anq responding to water quality Draft Plan Final Plan
data during construction.
sdendato QPP and HASP. e T compactor il
QAPP and HASP Provided as appendices to CQAP 9 9 ' Draft Plan Final Plan
prepare a separate RAWP and contractor HASP per
and WQMP. e
specifications.
Documentation of districts, sites, buildings, structures,
or objects included or eligible for inclusion in the
National Register of Historic Places that are potentially
Archeological Discovery Plan Archeological Discovery Plan impacted by remedy implementation. Specifications Draft Plan Final Plan
for an archaeological discovery plan to ensure
protection of Native American artifacts and cultural or
archaeological resources.
Reasonable and prudent measures that will be taken
Biological Assessment Biological Assessment to guide implementation of the selected remedy with Draft BA Final BA
respect to the protection of listed species.
Clean Water Act Section 404 and Clean Water Act Section 404 and Documentation to evaluate compliance with Clean
Section 10 Rivers and Harbors Act | Section 10 Rivers and Harbors Act Water Act Section 404 re uiremgnts Draft Memo Final Memo
of 1899 Memorandum of 1899 Memorandum 9 '
Description of actions that will minimize the potential
. . i ts, includi fety i , of d
Community Outreach and Community Outreach and impacts, Including satety 1ssues, of remedy .
- o implementation on the community and a plan for Draft Plan Final Plan
Communications Plan Communications Plan S . ;
communicating with and responding to the
community.
Plan for compensatory mitigation if necessary to
Compensatory Mitigation Plan Compensatory Mitigation Plan comply with Clean Water Act Section 404 Draft Plan Final Plan
requirements.
Plan for obtaining and complying with permits and
Permitting and Site Access Plan Permitting and Site Access Plan obtaining site access needed for remedial action Draft Plan Final Plan
construction.
Section 408 Compliance Section 408 Compliance Documentation to evaluate compliance with 33 U.S.C. Draft Memo Final Memo

Documentation

Documentation

Section 403 and Section 408.
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Other components of the Preliminary (30%) RD will include the following:

e Preliminary plans (i.e., drawings) including a list of all drawings to be included in the
Intermediate (60%), Pre-Final (90%), and Final (100%) RD

¢ An outline of construction specifications prepared in Construction Specification Institute’s
(CSI) Master Format

¢ Identification of candidate transloading locations, transport methods, permitted upland
off-site landfill facility, and import material sources

e A schedule, contracting strategy, contractor requirements, any needed controls and
monitoring to comply with ARARs and minimize impacts (in accordance with
Section 13.2.5 and Section 13.2.8 of the ROD), and plans to manage potential conflicts
with other in-water work, treaty-protected uses, navigation, recreation and commerce,
and upland developments and land use changes that may affect RD and construction in
the upper reach

e Access and easement requirements

e Descriptions of how compliance with ARARs will be achieved and documented, specifying
documentation requirements associated with ARARs (such as a Biological Assessment,
Compensatory Mitigation Plan if needed, Archaeological Discovery Plan)

e An outline and description of LTMMP elements for the upper reach including any
expected measures for climate change adaptation

e An outline of the Sediment Remedy ICIAP, including an evaluation of the most
appropriate institutional, proprietary controls and location-specific use restrictions
needed to ensure long-term effectiveness, consistent with ROD Section 13.2.4 (EPA 2014)

e An outline of an Emergency Response Plan

6.2.2 Intermediate (60%) Remedial Design

The Intermediate (60%) RD will be a continuation and expansion of the Preliminary (30%) RD.
The Intermediate (60%) RD will address EPA’'s comments on the Preliminary (30%) RD and
include the elements and deliverables required for the Preliminary (30%) RD at a 60% level of
completion.

6.2.3  Pre-Final (90%) Remedial Design

The Pre-Final (90%) RD will be a continuation of the Intermediate (60%) RD. The Pre-Final (90%)
RD will address EPA's comments on the Intermediate (60%) RD and include the elements and
deliverables required for the Pre-Final (90%) RD at a 90% level of completion. The Pre-Final
(90%) RD will also incorporate data collected during PDI Phase llI (if data gaps following PDI
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Phase Il are identified). In addition to the documents prepared as part of the Preliminary (30%)
RD, the following will be included with the Pre-Final (90%) RD:

Lower Duwamish Waterway Group

A complete set of construction plans and specifications that are stamped by a registered
Professional Engineer, suitable for procurement, following the CSI Master Format (or
equivalent), and meeting other relevant standards for design of sediment cleanup

Survey and engineering drawings showing existing features in the upper reach, such as
property boundaries, easements, bathymetry, structures to be protected or removed, and
other relevant conditions

A specification for all necessary construction documentation, including but not limited to
photographs and videos, bathymetric surveys, and GPS coordinates

Draft CQAP

Draft WQMP

Draft QAPP/HASP for remedial action construction and monitoring activities

Draft Permitting and Site Access Plan

Outline of the Sediment Remedy ICIAP, including specific institutional control elements
for each affected area, in accordance with Recommended Evaluation of Institutional
Controls: Supplement to the “Comprehensive Five-Year Review Guidance” (EPA 2011);
Institutional Controls: A Guide to Planning, Implementing, Maintaining, and Enforcing
Institutional Controls at Contaminated Sites (EPA 2012a); and Institutional Controls: A
Guide to Preparing Institutional Controls Implementation and Assurance Plans at
Contaminated Sites (EPA 2012b)

Required elements of a Vessel Management Plan (to be finalized by contractor)
Annotated outline and conceptual description of LTMMP elements specific to the upper
reach, discussing how the elements and schedule fit into a likely LTMMP approach for the
LDW site as a whole

Habitat Area Identification Memorandum, which will comply with the Endangered Species
Act and Section 404 of the Clean Water Act; identify habitat areas and proposed
elevations and substrate materials for caps, ENR, or placement of backfill materials in any
identified habitat areas; and identify any areas where loss of aquatic habitat is
unavoidable

Draft Biological Assessment for use in consultation related to the Endangered Species Act
Draft Clean Water Act Section 404 and Section 10 Rivers and Harbors Act of 1899
Memorandum

Engineer’s Capital and Operation and Maintenance Cost Estimate

Engineer’s Construction Project Schedule

Community Outreach and Communications Plan
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e Draft Archeological Discovery Plan

e Compensatory Mitigation Plan if necessary to comply with Clean Water Act Section 404
requirements

e Section 408 Compliance Documentation to evaluate compliance with 33 U.S.C.
Section 403 and Section 408

e Any additional plans identified in the RDWP

The Pre-Final (90%) RD will serve as the approved Final (100%) RD if EPA approves the Pre-Final
(90%) RD without comments.

6.24  Final (100%) Remedial Design

The Final (100%) RD will address EPA’'s comments on the Pre-Final (90%) RD and include final
versions of all pre-final RD elements and deliverables. The Sediment Remedy ICIAP and LTMMP
will remain as annotated outlines in the Final (100%) RD.
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7 Remedial Design Project Schedule

The upper reach RD project schedule is presented in AOC4 SOW and in Table 7-1 and
Figure 7-1. If schedule modifications are determined to be necessary, LDWG will submit a

proposed revised project schedule to EPA for approval in accordance with the provisions of

Paragraph 6.1 of AOC4 SOW.

Table 7-1
LDW Upper Reach Remedial Design Project Schedule
SOW or AOC
Deliverable, Task Reference Deadline
PDI QAPP/HASP 5.4b/c 60 days after receipt of EPA comments on the revised
draft PDIWP
Completion of PDI field work 54a In accordance with the schedule in the approved
PDIWP, unless otherwise approved by EPA
PDI Data 5.4d For each round of data collection, 10 days after
Respondents’ receipt of validated PDI sampling data
PDI Data Evaluation Report — 54e 60 days after Respondents’ submittal of PDI data for
Phase | first phase of data collection to EPA
PDI Data Evaluation Report — 54e 45 days after Respondents’ submittal of PDI data for
Phase Il second phase of data collection to EPA
Preliminary (30%) RD 5.6 45 days from EPA approval of PDI Data Evaluation
Submittal Report - Phase Il
Intermediate (60%) RD 57 120 days after EPA comments on Preliminary (30%) RD
Submittal
Pre-Final (90%) RD Submittal 5.8 90 days after EPA comments on Intermediate (60%) RD
Final (100%) RD Submittal 59 60 days after EPA comments on Pre-Final (90%) RD
Periodic Monitoring QAPP 42 4 years from AOC4 effective date
Addendum
42 5 years from AOC4 effective date

Periodic Monitoring
Data/Evaluation Report
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Reach 3 Reach 2 Reach 1

Water
Column
Flux

Gross
Deposition

Net
Deposition
Flux

1,706,300 248,100 331,000

RM4.0-4.9 RM2.2-4.0 RM 0.0 - 2.2

Notes:

Sediment flux units are metric tons.
RM: river mile

STM: sediment transport model

TE: trapping efficiency

Source: Integral, Anchor QEA, and Windward Environmental LLC, 2019. Recovery Category Recommendations Report — Final. Prepared for: U.S. Environmental Protection
Agency, Region 10. February 11, 2019.
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Generated Residuals:
unconsolidated sediments
from settling, slope failures,
and fallback

l

I

Missed Inventory
(Undisturbed Residuals)

Resuspended
Sediments

Fallback
Settling of

Resuspended
Sediments

Clean Undisturbed
Sediment Layer

Slope
Failure

Undisturbed
Contaminated
Sediment

Dredge Design Depth
N2

Note: Dredging will not always be
designed to reach the clean
undisturbed sediment layer per the
ROD decision flow chart.

\\fuji\anchor\Marketing\BusinessDevelopment\Diagrams-Graphs-Infographics\2019\LDWEnvironmentalDredgeResidualGeneration\EnvironmentalDredgeResidualGenerationInFigureblock.ai

10/23/2019

ANCHOR -
\ZE Ot e Wing/ward

environmental -LC

Lower Duwamish Waterway Group

Figure 3-2. Dredge Residuals Schematic

Port of Seattle / City of Seattle / King County / The Boeing Company

REMEDIAL DESIGN WORK PLAN




ses\Work Plan\RD WP\Fig 4-1 7083 Land and water ownership.mxd

d Analy:

craigh, 10/28/2019; W:\Projects\Duwamish AOC4\GIS\Maps an:

Prepared by

N o
U200
IR
/// oy
LY S
. , ,
Wamm L //// % o ’%
. // \ 0,9-@ )
// /1?’ King
Nvikdh ?"/de/’ N % County
dounty ks /// N ¢ International
Br:: Airport

) / ‘ \\
A XCrena i 9‘9{ Dagmar R oein
Hotz Diete .\A\ //s// \‘.

City of Seattle ‘« / \
O Wise Kaler )Z
iy Terhune Kejth "" ell JessicaM+Tre
I ¥ alvorsen M C Eiward
At
oY \5’
LN

SOUTH PARK

Turning  *
Basin

Public property

|| LDW Superfund Site
King County tax parcel
Navigation channel

— River mile

ANCHOR ‘x /- 0 01 0.2 Figure 4-1. Land Ownership
% QEA% m enm%(géliuc A?I . Miles

0.2 0.4
Kilometers

Lower Duwamish Mterway Group REMEDIAL DESIGN WORK PLAN

Port of Seattle / City of Seattle / King County [/ The Boeing Company




Sediment Loading
(Storm Drains / CSOs)

Overwater Structure

Resuspension
(High Flow Scour,
Propeller Wash)

>

Recent
Sediment

Upstream Green/
Duwamish River Sediment Inflow
(99% of Total Sediment Load)

(O Dredging

Deposition

|

Dredging MNR (to SCO)

RESI[VE]

Management

=== Federal Navigation Channel
=) Incoming Sediment
B Sediment Transport @ Remedial Action

Cover
Dredge

Residuals lT |

!

Sediment Below RALs Sediment
Exceeding RALs

but Exceeding SCO

POST-CONSTRUCTION CONDITIONS

T Ongoing Processes (Deposition,
Resuspension, or Bioturbation)

Note: Figure 5-1 does not illustrate other processes relevant to the remedial action, such as groundwater seeps, bioturbation, and contamination mobility.

Sediment Loading
(Bank Erosion)

(D Capping

Capping

Cap (armor as

necessary) lT

!

Sediment
Exceeding RALs

\\fuji\anchor\Marketing\BusinessDevelopment\Diagrams-Graphs-Infographics\2019\LDWLowerDuwamishRiverCrossSection\LDWCrossSection_r3_InFigureBlock_allbrown.ai | 10/3/2019

ANCHOR X7: 1 Yxard
\ZS, QEA === Win

L ower Duwamish VVaterway Group

Port of Seattle /| City of Seattle / King County [ The Boeing Company

environmental -

CSO: combined sewer overflow
ENR: enhanced natural recovery
MNR: monitored natural recovery
SCO: Sediment Cleanup Objective
RAL: remedial action level

Figure 5-1 Physical
Conceptual Site Model of
Sediment Movement in the
Upper Reach

RemepiAL DesigN Work PLAN




1D Task Task Name Duration Start Finish 2019 2020 2021 2022 2023 2024
B voce Qtr Qtr Dir Dtr Dtr Qtr Dtr Dtr Dtr Otr Dtr Dtr Dtr Otr Dtr Dtr Dtr Qtr Dtr Dtr Dtr Otr Dtr Dtr T
1 = LDW Project 1174 days Thu2/14/19 Mon 5/2/22 v
2 EH B NTP for AOC4 Contract 0 days Thu 2/14/19 Thu 2/14/19 - 2/14
3 <, Pre-Design Survey 69 days Mon 2/25/19  Sat5/4/19 e
4 = LDWG prepares Draft Survey QAPP (DSQ) 23 days Mon 2/25/19  Tue 3/19/19 o
5 ", EPA review and approval process for Survey QAPP 24 days Tue 3/19/19 Fri4/12/19 w
15 =S Bathy Survey 30 days Fri 4/5/19 Sat5/4/19 o
19 = RD and PDI Work Plans 255days  Fri2/15/19 Sun 10/27/19 v
20 [ =c',> LDWG prepares Draft RD and PDI Work Plans 120days  Fri 2/15/19 Fri6/14/19 —
(WPs)
21 = EPA review and approval process for RD and PDI  215days Wed 3/27/19  Sun 10/27/19 pgumamsnnngy
Work Plans
32 = Remedial Design Sampling QAPP and HASP 210days  Sat9/28/19 Fri4/24/20 P—
33 % LDWG prepares Draft QAPP (w/Phase | SAP) and 60 days Sat 9/28/19 Tue 11/26/19 -
HASP
34 -, EPA review and approval process for QAPP 150days Tue 11/26/19  Fri4/24/20
(w/Phase | SAP) and HASP
44 <, Phase | PDI Field/Analytical/Validation (Preliminary) 180 days  Sat4/25/20 Wed 10/21/20
45 % Phase | PDI data submittal 10 days Thu 10/22/20  Sat 10/31/20 )
46 =, Submit Phase | PDI Data to EPA 0 days Sat10/31/20  Sat 10/31/20 10/31
47 = Phase | PDI Evaluation Report 199 days  Sun11/1/20 Tue 5/18/21
48 =, LDWG prepares Phase | PDI Evaluation Report 64 days Sun 11/1/20 Sun 1/3/21
49 % EPA review and approval process for Phase | PDI 135days  Sun1/3/21 Tue 5/18/21 l
Evaluation Report
59 % LDWG prepares Phase Il SAP 30 days Mon 4/19/21  Tue 5/18/21 Il
60 %! EPA review and approval process for Phase Il SAP 45 days Wed 5/19/21 Fri7/2/21 -
61 = Phase 11 PDI Field/Analytical/Validation (Preliminary) 180 days ~ Mon 4/19/21  Fri 10/15/21
62 % Phase Il PDI data submittal 10 days Sat 10/16/21 Mon 10/25/21
63 = Submit Phase Il PDI Data to EPA 0 days Mon 10/25/21 Mon 10/25/21 #10/25
64 < Phase Il PDI Evaluation Report 189days Tue 10/26/21 Mon 5/2/22
65 S LDWG prepares Phase Il PDI Evaluation Report 47 days Tue 10/26/21 Sat12/11/21
66 < EPA review and approval process for Phase Il PDI 142 days Sat 12/11/21  Mon 5/2/22 L
Evaluation Report
77 = 30% Design 155days  Sun2/27/22 Sun 7/31/22 Pr—
78 <, LDWG prepares 30% Design 110days  Sun2/27/22 Thu 6/16/22
79 -, EPA review of 30% design 45 days Thu 6/16/22 Sun 7/31/22
83 = 60% Design 152days Mon8/1/22  Fri12/30/22
84 % LDWG prepares 60% Design 120days Mon 8/1/22 Mon 11/28/22
85 < EPA review of 60% design 32 days Mon 11/28/22  Fri12/30/22
89 <, 90% Design 135days Sat 12/31/22  Sun5/14/23
90 < LDWG prepares 90% Design 90 days Sat12/31/22 Thu3/30/23
91 =, EPA review of 90% design 45 days Thu3/30/23  Sun5/14/23
95 = 100% Design 100days Mon5/15/23  Tue 8/22/23
| 96 | b= LDWG prepares 100% Design 60days  Mon5/15/23  Thu7/13/23
97 = EPA review and approval of 100% design 40 days Thu 7/13/23 Tue 8/22/23
102 % Contractor Procurement, Pre-Construction Planning 345days Wed8/23/23 Thu8/1/24 ——
and Submittals
Task Gllsssssses  External Tasks i Manual Task Elsssssisaa  Finish-only
Split vonnnnnoooo External Milestone 4 Duration-only Deadline +
E;Otic&ggasf;zsg Milestone * Inactive Task Manual Summary Rollup Progress e —
Summary Pr— Inactive Milestone Manual Summary Pr—
Project Summary (=Y Inactive Summary Start-only
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Appendix A
Excerpts from Lower Duwamish Waterway
Superfund Site Record of Decision

These tables and figures were extracted from the Lower Duwamish Waterway Superfund Site
Record of Decision dated November 2014 and Lower Duwamish Waterway Record of Decision
Table and Figure Revisions Memorandum dated August 2015.
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Record of Decision — Lower Duwamish Waterway Superfund Site

8.2.1 Cleanup Levels

Table 19 lists sediment cleanup levels for RAOs 1, 2, and 4, and Table 20 lists sediment cleanup levels
for RAO 3. Sediment cleanup levels for contaminants for RAO 3 are point-based and applicable to any
sample location; for the other RAOs, cleanup levels are applied to a specific area (see Table 19). Benthic
cleanup levels are based on the benthic SCO in the SMS (WAC 173-204-562). For RAO 3, the SCO
numerical chemical criteria can be overridden by the SCO biological criteria (see text box "What are the
Sediment Management Standards?" on page 26) unless they are co-located with exceedances of remedial
action levels (RALS) associated with human health COCs, which are also point-based. Exceedances of
RALSs for human health COCs cannot be overridden by toxicity testing.

Table 19. Cleanup Levels for PCBs, Arsenic, cPAHs, and Dioxins/Furans in Sediment for Human
Health and Ecological COCs (RAOs 1, 2 and 4)

Cleanup Levels Application Area and Depth
RAO 1: RAO 2: . . .
coc Human Human |RAO4 Basis for Cleanup sl ol Compliance
; Ecological of Compliance
Seafood Direct : Levels? —r Deptht
. (River Otter) Application® | Measure®
Consumption | Contact
background (RAO 1)
9 1,300 128 RBTC (RAO 2) LDW-wide UcL95 |0-10cm
RBTC (RAO 4)
I?CB/SK dw) NA 500 NA  |RBTC AllClamming |01 95 | 9_ 45 em
HO/Kg Areas®
NA 1,700 NA  |RBTC Individual UCLO5 | 0-45¢cm
Beachesd
NA 7 NA background LDW-wide UCL95 0-10cm
Arsenic NA 7 NA | background ﬁ'r'eg':;mm'”g UCL95 | 0—-45cm
(mg/kg dw) ndividual
NA 7 NA background ndividua UCL95 | 0-45cm
Beaches?
NA 380 NA RBTC LDW-wide UCL95 0-10cm
cPAH All Clamming
(ug TEQ/kg NA 150 NA RBTC Arease UCL95 | 0-45cm
w) NA 90 NA  |RBTC Individual UCLO5 | 0—45cm
Beaches?
background (RAO 1) .
2 37 NA RBTC (RAO 2) LDW-wide UCL95 0-10cm
Dioxins/Furans All Clamming
(ng TEQkg dw) NA 13 NA RBTC Arease UCL95 | 0-45cm
NA 28 NA | RBTC Individual UCL95 | 0-45cm
Beachesd

NOTE: where there are multiple cleanup levels for a cleanup area, the lowest cleanup level is shown in bold.
a. Background — see Table 3 and Section 5.3.4.1; RBTC - Risk-based threshold concentration (based on 1 in 1,000,000 excess cancer risk

or HQ of 1)

b. Inintertidal areas including beaches used for recreation and clamming, human-health direct contact cleanup levels (for PCBs, arsenic,
cPAHs, and dioxins/furans) must be met in the top 45 cm because in intertidal areas exposure to sediments at depth is more likely
through digging or other disturbances. Human health cleanup levels for RAO 1 (seafood consumption) and ecological cleanup levels
must be met in surface sediments (top 10 cm). In subtidal areas, cleanup levels for all COCs must be met in surface sediments (top 10

cm).

c. Clamming areas are identified in Figure 6.
d. Beach play areas are identified in Figure 6.
e. The UCL 95 is the upper confidence limit on the mean. The determination of compliance with RAOs 1, 2 and 4 cleanup levels will be made

by one of two methods: 1) comparison of the UCL 95 of LDW data with the RBTC or background-based cleanup level, or 2) for

background-based cleanup levels, a statistical comparison of the distribution of LDW data to the OSV BOLD study background dataset
(USACE et al. 2009) may be used. In either case, testing will use an alpha level of 0.05 and a beta level of 0.10. For details, see ProUCL
technical manual (EPA 2013b) or most current version). For either method, a sufficient number of samples must be collected to assure
statistical power for the test.
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Record of Decision — Lower Duwamish Waterway Superfund Site

Table 22. Remedial Alternatives and Associated Remedial Technologies, Remedial Action Levels, and Actively Remediated Acres

Remedial Action Levels? Actively

PCBs Arsenic cPAHs Dioxins/ Furans Benthic SMS Remediated Area
Remedial Alternatives and Technologies® (mgl/kg OC)® (mglkg dw) (Mg TEQ/kg dw) (ng TEQ/kg dw) (41 Contaminants)® (Acres)
Alternative 1 No Further Action after removal or capping of Early Action Areas n/a n/a n/a n/a n/a 29 acres
Alternative 2 (2R) — dredge emphasis with upland disposal/MNR 65 to 110 (LDW-wide); 93 5,500 50 CSLto 3 x CSL 32 acres
Alternative 2 with CAD (2R-CAD) — dredge emphasis with contained aquatic disposal/MNR 10-yr post-construction target: 65¢ 10-yr post-construction target: CSL
Alternative 3 removal (3R) — dredge emphasis with upland disposal/MNR 65 (LDW-wide) 93 (LDW-wide) 3,800 (LDW-wide) 35 (LDW-wide) CSL (biological or chemical) 58 acres
Alternative 3 combined technologies (3C) — ENR/ in situ / cap/ MNR where appropriate, otherwise dredge with upland disposal 28 (intertidal) 900 (intertidal) 28 (intertidal)
Alternative 4 removal (4R) — dredge emphasis with upland disposal/MNR 12 to 35 (LDW-wide) 57 (LDW-wide) 1,000 (LDW-wide) 25 (site-wide) SCOto CSL 107 acres
Alternative 4 combined technologies (4C) — ENR/ in situ / cap/ MNR where appropriate, otherwise dredge with upland disposal | 10-yr post-const. target: 12¢ 28 (intertidal) 900 (intertidal) 28 (intertidal) 10-yr post-const. target: SCO
Alternative 5 removal (5R) — dredge emphasis with upland disposal 12 (LDW-wide) 57 (LDW-wide) 1,000 (LDW-wide) 25 (LDW-wide) SCO (biological or chemical) 157 acres
Alternative 5 removal with treatment (5R-T) — dredge with soil washing treatment and disposal/re-use 28 (intertidal) 900 (intertidal) 28 (intertidal)
Alternative 5 combined technologies (5C) — ENR/ in situ / cap where appropriate, otherwise dredge with upland disposal
Alternative 6 removal (6R) — dredge emphasis with upland disposal 5 (LDW-wide) 15 (LDW-wide) 1,000 (LDW-wide) 15 (LDW-wide) SCO (biological or chemical) 302 acres
Alternative 6 combined technologies (6C) — ENR/ in situ / cap where appropriate, otherwise dredge with upland disposal 28 (intertidal) 900 (intertidal) 28 (intertidal)
Selected Remedy (5C Plus) — ENR/ in situ / cap where appropriate; otherwise, dredge with upland disposale 12 (LDW-wide) 57 (LDW-wide) 1,000 (LDW-wide) |25 (LDW-wide) 2 X SCO chemical criteria ¢ with 177 acres

65 (intertidal) 28 (intertidal) 900 (intertidal) 28 (intertidal) 10-year post-construction target to meet

195 (subtidal subsurface) SCO

a. Areas where remedial action levels (RALs) are applied are as follows: LDW-wide RALs, in the upper 10 cm of sediment throughout the LDW and in the upper 60 cm in potential scour areas (i.e., Recovery Category 1 areas). In intertidal areas, intertidal RALs are applied in the upper 45 cm of sediment (above -4 ft MLLW). Alternative 5C Plus
added an intertidal PCB RAL of 65 mg/kg OC in the top 45 cm in intertidal areas, and added a subtidal PCB RAL of 195 mg/kg OC for the top 60 cm in areas of potential vessel scour within Recovery Category 2 and 3 areas. These additional potential vessel scour areas comprise: north of the 1st Avenue South bridge (located at
approximately RM 2) in water depths from -4 to -24 ft MLLW, and south of the 1st Avenue S bridge, in water depths from -4 to -18 ft MLLW.

. See Table 15 for SCO and CSL values. PCB RALs are normalized to organic carbon (OC) for consistency with the SMS, and because the organic content of sediments affects the bioavailability and toxicity of PCBs. The terms SCO and CSL in this table mean the benthic SCO and CSL; SCO is equivalent to the term "SQS" used in the
RI/FS and Proposed Plan. Lower human health-based RALs for PCBs and arsenic in this table take precedence over benthic SCO or CSL values.

c. The RALs for SMS contaminants (except arsenic) are a range for Alternatives 2 and 4. The upper RALs are used where conditions for recovery are predicted to be more favorable (Recovery Category 3 areas); the lower RALs are used where conditions for recovery are predicted to be limited or less certain (Recovery Category 1 or 2 areas),

or where the BCM does not predict recovery to the 10-yr post-construction target concentration.

d. The Alternative 5C Plus RAL of "2 X SQS not to exceed CSL" in the Proposed Plan is modified in the Selected Remedy to "2 X benthic SCO", see Section 12.

The Selected Remedy includes additional requirements to address contaminated shoals in the navigation channel, see Sections 12 and 13.

o

@

Table 23. Criteria for Assigning Recovery Categories®

Recovery Categories

Category 1
Recovery Presumed to be Limited

Category 2
Recovery Less Certain

Category 3

Criteria Predicted to Recover

Physical Criteria

Observed vessel scour No observed vessel scour

Berthing areas with vessel scour

Vessel scour
Berthing areas

Physical
Conditions

Berthing areas without vessel scour Not in a berthing area

STM-predicted 100-year high-flow scour (depth in cm) >10cm <10cm

STM-derived net sedimentation using average flow
conditions

Sediment Transport

Model Net scour Net sedimentation

If an area is in Category 1 for any one criterion, that area is If conditions in an area meet a mixture of Category 2 and 3 criteria,
designated Category 1 that area is designated Category 2
Empirical Contaminant Trend Criteria — used on a case-by-case basis to adjust recovery categories that would have been assigned based on physical criteria

An area is designated Category 3 only if it meets all Category 3

Rules for applying criteria criteria

Empirical Resampled surface sediment locations Increasing PCBs or increasing concentrations of other detected Equilibrium and mixed (increases and decreases) results (for COCs | Decreasing concentrations ( > 50% decrease) or mixed results
Contaminant Trend Sediment cores COCs that exceed the SCO ( > 50% increase) that exceed the SCO) (decreases and equilibrium)
Criteria (top 2 sample intervals in upper 60 cm)

a. Recovery categories were not assigned to the Early Action Areas, for which remediation should be complete by the time of the remedial actions addressed in this ROD. At the time of the remedial design, EPA will consider assignment of categories to these areas based upon the logic in this table; this information will inform long term
monitoring decisions.
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Table 26. Applicable or Relevant and Appropriate Requirements, LDW Superfund Site

Topic

Standard or Requirement

Regulatory Citation

Federal

State

Project-Specific Comments

Hazardous Substance
Cleanup; Sediment
Quality

Washington State cleanup standards;
Marine Sediment Cleanup Standards;
Sediment Cleanup Objectives (SCO);
Cleanup Screening Levels (CSL)

Model Toxics Control Act (MTCA) (RCW
70.105D; WAC 173-340); MTCA Sediment
Management Standards (SMS) (RCW
70.105D; WAC 173-204)

Substantive MTCA requirements that are more stringent than CERCLA requirements are ARARs. A combination of sediment
dredging, capping, enhanced natural recovery (ENR), monitored natural recovery (MNR), and potentially in-situ amendment as
treatment, along with the minimally necessary use of fish and shellfish consumption advisories as ICs to reduce fish and
shellfish consumption, will be employed to meet the substantive requirements of SCO compliance for the protection of human
health, marine benthic invertebrates and higher trophic level species, as set forth in WAC 173-204-560-562, 564 to the extent
technically possible, or without a net adverse environmental impact, and at a minimum, the substantive requirements of CSL
compliance. Institutional Controls (ICs) will be required as set forth in WAC 173-340-440(4)(a).

Surface Water Quality

Surface water quality standards. Federal
recommended Ambient Water Quality
Criteria (AWQC); National Toxics Rule
(NTR); State Water Quality Standards
(WQS)

AWQC per Clean Water Act Section
304(a) (33 U.S.C. § 1314(a)) at http:/
water.epa.gov/scitech/swguidance/
standards/criteria/current/index.cfm; NTR at
40 CFR 131.36(b)(1) as applied to
Washington, 40 CFR 131.36(d)(14)

Water Pollution Control Act (RCW 90.48);
WQS (WAC 173-201A); Aquatic Life
Criteria (ALC) numerical criteria (WAC
173-201A-240)

Sediment remediation described immediately above will improve surface water quality to an unknown degree in combination
with source control implementation under state-lead authority. Surface water concentrations shall be at least as stringent as all
of the following: 1) all WQS in WAC 173-201A; 2) AWQC unless it can be demonstrated that such criteria are not relevant and
appropriate for the LDW or for a specific hazardous substance; and 3) the NTR. See WAC 173-340-730(3)(b), consistent with
Sections 121(d)(2)(A)(ii) and (B)(i) of CERCLA and 40 CFR 300.430(e).

Solid Waste Disposal

Requirements for solid waste handling
management and disposal

Solid Waste Disposal Act (42 U.S.C. 6901-
6992K; 40 CFR 257-258)

Solid Waste Management
(RCW 70.95; WAC 173-350)

Substantive requirements for non-dangerous or non-hazardous waste generated during remedial activities unless wastes meet
recycling or other exemptions will be complied with.

Waste Treatment,
Storage, and Disposal

Dangerous or Hazardous Waste
Management

Resource Conservation and Recovery Act,
Hazardous Waste (42 U.S.C. §§ 6901-
6992K, 40 CFR 260-279)

Dangerous Waste Management (RCW
70.105; WAC 173-303)

Dredged materials contains solid waste subject to solid waste handling requirements above. It would also be
hazardous/dangerous waste if it contained a listed waste or displayed a hazardous waste characteristic (e.g., per Toxicity
Characteristic Leaching Procedure). Based on the Remedial Investigation (RI), hazardous/dangerous waste is not anticipated in
LDW sediments. If it is encountered 40 CFR Part 262 generator rules in Washington at WAC 173-303-17-202 would be
complied with for accumulating or managing such waste on-site for up to 90 days. Unanticipated circumstances could require
compliance with other hazardous/dangerous waste requirements. State dangerous waste is defined more broadly than Federal
hazardous waste.

Land Disposal of Waste

Management and disposal of materials
containing polychlorinated biphenyls (PCBs)

Toxic Substances Control Act (15 U.S.C. §
2605; 40 CFR 761.61(c))

Hazardous waste

Resource Conservation and Recovery Act
Land Disposal Restrictions (42 U.S.C. §§
6901-6992K; 40 CFR 268)

Dangerous Waste Management (RCW
70.105; WAC 173-303- 140, 141)

Based on the RI, dredged materials with PCB remediation waste as defined in 40 CFR 761.3 is not anticipated. Any such
dredged material will be subject to EPA-approved plans for all cleanup activities, including any sampling, as well as all on-site
disposal-related activities. Risk based disposal of PCB remediation wastes must not pose unreasonable risk of injury to health
or the environment. Written EPA approval is required for any PCB remediation waste off-site disposal.

See Dangerous or Hazardous Waste Management project-specific coments above. Any dangerous or hazardous waste land
disposal shall meet substantive land disposal requirements.

Dredge/Fill and Other
In-Water Construction
Work

Discharge of dredged/fill material into
navigable waters or wetlands

Clean Water Act Sections 401, 404 (33
U.S.C. §§ 1341, 1344; 40 CFR 121.2
(content of 401 certifications), 230 (disposal
sites/mitigation), 232
(definitions/exemptions); 33 CFR 320, 322-
3, 328-30 (Army Corps of Engineers 404
Permitting))

Hydraulic Code Rules

(RCW 77.65; WAC 220-110)

Dredged Materials Management Program
(DMMP) (RCW 79.105.500; WAC 332-30-
166 (3))

401: EPA will issue the equivalent of state certification assuring water quality standards will not be violated by remedial action
discharges along with necessary conditions including any mixing zone parameters consistent with WAC 173-201A-400, as
developed in remedial design.

404: Substantive dredge or fill criteria and requirements for discharges will be met, along with substantive mitigation
requirements for unavoidable loss of aquatic habitat; mitigation will be assessed and defined as necessary in remedial design.
Hydraulic codes provide construction criteria, requirements and limitations, including for dredging, piers, piles, docks, bulkheads
and bank protection, specified technical provisions, special concerns.

The use of an established open-water disposal site for dredged material for which there is no practical alternative upland
disposal site or beneficial use as set forth in WAC 332-30-166(3) will be approved by the designated federal and state DMMP
agencies.

Navigation and commerce

Rivers and Harbor Act Section 10
(33 U.S.C. §403)

Unauthorized obstruction or alteration of navigable waterways is prohibited. Dredging/capping residual elevations will be
designed to preserve navigation and commerce. In-water disposal is not anticipated; any in-water disposal site will not obstruct
or alter navigation upon completion.
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Topic

Standard or Requirement

Regulatory Citation

Federal

State

Project-Specific Comments

Endangered Species and
Critical Habitat

Taking or jeopardy to endangered or
threatened species; adverse modification of
critical habitat

Endangered Species Act (16 U.S.C. §§
1531-1544; 50 CFR 17 (listings,
prohibitions), 402 (interagency
consultations), 222-224 (endangered and
threatened marine species), 226.212 (critical
habitat for Northwest salmon and
steelhead))

It is unlawful to take (or possess, deliver, carry, transport or ship) any endangered species, or violate any regulation
(promulgated pursuant to Section 4) re endangered or threatened species. EPA in consultation with the Services shall insure
any authorized action is not likely to jeopardize endangered or threatened species or adversely modify critical habitat, absent an
exemption. EPA shall prepare a Biological Assessment for the Services which will produce a Biological Opinion including any
reasonable and prudent alternatives or measures to be taken which will guide remedy implementation, including within specified
time periods (“fish windows”) for specified activities.

Migratory Birds Taking or adversely affecting migratory Migratory Bird Treaty Act, (16 U.S.C §§ 703- Remedy will be carried out in @ manner to avoid adversely affecting migratory bird species as defined in federal regulations,
birds. 712; 50 CFR 10 and 21) including individual birds and their nests.
Eagles Taking or harming eagles Bald and Golden Eagle Protection Act (16 | Bald Eagle Protection Rules (RCW Taking or harming of eagles, their eggs, nests or young is prohibited; substantive requirements for the protection of bald eagle

U.S.C. § 668, 50 CFR 22)

77.12.655; WAC 232-12-292)

habitat including nesting, perching and roosting sites will be met.

Floodplain Protection

Adverse impacts; potential harm

Floodplain Management Procedures (40
CFR 6, Appendix A, Section 6, see also
Executive Order 11988)

The required evaluation of potential effects of authorized remedial action, to avoid adverse impacts and to minimize impacts for
which no practicable alternative exists, followed as necessary by the development of avoidance and/or minimization plans, will
be undertaken during remedial design.

Shoreline management

Construction and development

Shoreline Management Act RCW 90.58;
WAC 173-26; City of Seattle Master Plan
SMC 23.60;King County Master Plan
K.C.C. 21A.25)

Master plans within their jurisdiction apply within 200 feet of the shoreline to the extent they impose or establish more stringent
requirements. Compliance as may be necessary will be evaluated during remedial design.

Air Emissions

Ambient air quality standards; fugitive
emission/fugitive dust

Clean Air Act (42 U.S.C. §§ 7401-7671g; 40
CFR 50)

Washington Clean Air Act (RCW 70.94;
WAC 173-400)

Any source of fugitive emissions or fugitive dust must take reasonable precautions to 1) prevent the release of air contaminants,
2) prevent fugitive dust from becoming airborne, and 3) maintain and operate the source to minimize emissions. See especially
WAC 173-400-040(4) and (9).

Native American Graves
and Sacred Sites

Protections

Native American Graves Protection and
Repatriation Act (25 U.S.C. §§ 3001 et
seq.); American Indian Religious Freedom
Act (42 U.S.C. §§ 1196 et seq.)

Requirements for the protection of Native American remains, funerary objects and associated cultural artifacts when burial sites
are encountered; and protection of tribal exercise of traditional tribal religions, including traditional cultural properties, sites and
archeological resources. See also Executive Order 13007 which requires federal agencies to avoid physical damage to tribal
sacred sites, and interfering with access of tribes thereto. Compliance will be maintained throughout remedy implementation as
may be necessary

Noise

Permissible noise levels

Noise Control Act (RCW 70.107; WAC
173-60-040-050)

Maximum levels at specified times for specified durations are in 173-60-040, subject to exemptions in 173-60-050, including
050(3)(a) (sounds originating from temporary construction sites as a result of construction activity) and (3)(f) (sounds created by
emergency equipment and work necessary in the interests of law enforcement or for health, safety or welfare of the community).

Historic Preservation

National Historic Preservation Act Section
106 (16 U.S.C. § 470; 36 CFR 800)

The effect if any of remedial activity on any district, site, building, structure or object included or eligible for inclusion in the
National Register of Historic Places will be evaluated in consultation with the State Historic Preservation Office during remedial
design.
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13.2.1 Application of Cleanup Technologies

The RALSs listed in Figure 22 and Figure 23 (above) and Table 27 and Table 28 (page 125)will be applied
in intertidal and subtidal areas in Recovery Category Areas 1, 2, and 3 to identify areas for active
remediation, as described and in Figures 19 and 20. Recovery Category areas are shown in Figure 12.
Figure 17 shows Recovery Category 1, and potential scour areas in Recovery Categories 2 and 3. All of
this information will be used to determine the appropriate compliance depth for application of RALSs and

technology to be applied at a particular location, as described in this section.

Table 27. Selected Remedy RAO 3 RALs

SMS Contaminant of Concern for | RAL for Recovery Category 1 | RAL for Recovery Category 2 & 3
RAO 3 Areas? (Benthic SCO) Areas (2 x Benthic SCO)b
Metals (mg/kg dw)

Arsenic o7 n/a
Cadmium 5.1 10.2
Chromium 260 520
Copper 390 780
Lead 450 900
Mercury 0.41 0.82
Silver 6.1 12.2
Zinc 410 820
PAHSs (mg/kg OC)

2-Methylnaphthalene 38 76
Acenaphthene 16 32
Anthracene 220 440
Benzo(a)anthracene 110 220
Benzo(a)pyrene 99 198
Benzo(g,h,i)perylene 31 62
Total benzofluoranthenes 230 4650
Chrysene 110 220
Dibenzo(a,h)anthracene 12 24
Dibenzofuran 15 30
Fluoranthene 160 320
Fluorene 23 46
Indeno(1,2,3-cd)pyrene 34 68
Naphthalene 99 198
Phenanthrene 100 200
Pyrene 1,000 2,000
Total HPAHs 960 1,920
Total LPAHs 370 740
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SMS Contaminant of Concern for | RAL for Recovery Category 1 | RAL for Recovery Category 2 & 3
RAO 3 Areas? (Benthic SCO) Areas (2 x Benthic SCO)®
Phthalates (mg/kg OC)

Bis(2-ethylhexyl)phthalate 47 94
Butyl benzyl phthalate 4.9 9.8
Dimethyl phthalate 53 106
Chlorobenzenes (mg/kg OC)

1,2,4-Trichlorobenzene 0.81 1.62
1,2-Dichlorobenzene 2.3 4.6
1,4-Dichlorobenzene 3.1 6.2
Hexachlorobenzene 0.38 0.76
Other SVOCs and COCs, (ug/kg dw except as shown)

2,4-Dimethylphenol 29 58
4-Methylphenol 670 1,340
Benzoic acid 650 1,300
Benzyl alcohol 57 114
n-Nitrosodiphenylamine, mg/kg OC 1 22
Pentachlorophenol 360 720
Phenol 420 840
PCBs (mg/kg OC)

Total PCBs 12 n/a

Notes:

General:

e  PCBs and arsenic are also human health COCs (see Table 28 for RALs for human health COCs), and RALs for the the human health
category take precedence over RAO 3 RALs. The surface sediment (10 cm) Recovery Category 1 RALs for PCBs and arsenic are the
same for human health and benthic invertebrates, but the 2 X SCO Recovery Category 2 and 3 criteria are not applicable to PCBs and
arsenic. Figure 22 and Figure 23 list all RALSs for human health COCs.

e  Table 23 describes Recovery Categories and Figure 12 shows Recovery Category areas.

a. The RAL applies to the 10 cm and 45 cm depth intervals for intertidal areas and to the 10 cm and 60 cm depth intervals for subtidal

areas. See Figure 22 and Figure 23 .

b. For Recovery Category 2 and 3 areas, the RAL applies to the 10 cm depth interval. See Figure 22 and Figure 23.
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Table 28. Remedial Action Levels, ENR Upper Limits, and Areas and Depths of Application

Intertidal Sediments (+11.3 ft MLLW to -4 ft MLLW)

Subtidal Sediments (-4 ft MLLW and Deeper)

Recovery Category 1 RALs, ENR ULs, | Recovery Category 2 and 3 RALs, | Recovery Category 1 RALs, ENR | Recovery Category 2 and 3 RALs, ENR | Shoaled Areas® in Federal
and Application Depths ENR ULs, and Application Depths ULs, and Application Depths ULs, and Application Depths Navigation Channel
Risk Driver Action Top to Authorized
coc Units Levels Top 10 cm (4 in) Top45cm (1.5ft) | Top 10cm (4in) | Top45cm (1.5f) | Top 10 cm (4in) | Top 60 cm (2 ft) Top 10 cm (4 in) Top 60 cm (2 t)° | Navigation Depth Plus 2 ft
Human Health Based RALs
PCBs (Total) mg/kg OC RAL 12 12 12 65 12 12 12 195 12
ULa for ENR 36 97 36 195 -
Arsenic (Total) mg/kg dw RAL 57 28 57 28 57 57 57 57
ULa for ENR 171 42 171 -
cPAH Mg TEQ/kg dw RAL 1000 900 1000 900 1000 1000 1000 1000
ULa for ENR 3000 1350 3000 -
Dioxins/Furans | ng TEQ/kg dw RAL 25 28 25 28 25 25 25 25
ULa for ENR 75 42 75 -
Benthic Protection RALs
39 SMS Contaminant- RAL Benthic SCO Benthic SCO 2x Benthic SCO Benthic SCO Benthic SCO 2x Benthic SCO Benthic SCO
COCs d specific
ULa for ENR 3x RAL 3x RAL -

a. The ENR Upper Limit (UL) is the highest concentration that would allow for application of ENR in the areas described. For areas with no ENR limit listed, ENR is not a currently designated technology (see Section 13.2.1.2 for further discussion).

b. Shoaled areas are those areas in federal navigation channel with sediment accumulation above the authorized depth including a 2 ft over-dredge depth that USACE uses to maintain the channel for navigation purposes. The authorized channel depths are (1) from RM
0 to 2 (from Harbor Island to the First Avenue South Bridge), 30 ft below MLLW; (2) from RM 2 to RM 2.8 (from the First Avenue South Bridge to Slip 4), 20 ft below MLLW; and (3) from RM 2.8 to 4.7 (Slip 4 to the Upper Turning Basin), 15 ft below MLLW. For shoaled

areas, the compliance intervals will be determined during Remedial Design; these are typically 2-4 ft core intervals. For areas in the channel that are not shoaled, Recovery Categories 1 or 2 & 3 RALs apply as indicated in the other subtidal columns.
c. Applied only in potential vessel scour areas. These are defined as subtidal areas (i.e., below -4 ft MLLW) that are above -24 ft MLLW north of the 1st Ave South Bridge, and above -18 ft MLLW south of the 1st Ave South Bridge (see Figure 17).

d. There are 41 SMS COCs, but total PCBs and arsenic ENR ULs are based upon human health based RALs only (see Table 20).
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Figure 17. Recovery Category 1 and Potential Tug Scour Areas in LDW
Appendix A

136 Page A-8



Record of Decision — Lower Duwamish Waterway Superfund Site

AQPC= area of potential concern; ENR= enhanced natural recovery;
MLLW= mean lower low water; SMS= Sediment Management Standards;
SCO = benthic sediment cleanup objective
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Legend
Technology Assignment

Dredge (85 acres including Federal channel)
D Additional Federal Channel Dredging (21 acres)
Partial Dredge and Cap (20 acres)
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Figure 18. Selected Remedy
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Legend:

C Monitored Natural Recovery >
Active Remedial Technology
Application

All Remedial Technologies Include
Long-Term Monitoring and
Institutional Controls

rBox 1. Intertidal Sediments (+11.3 ft MLLW to -4 ft MLLW)
IRemedial Action Levels (RALs) and Depth Interval to Which They Apply

Recovery Category 1 Areas Recovery Category 2 and 3 Areas Risk Reduction
4in (10 cm) 15ft(45cm) | 4in(10cm)depth| 15ft(45cm) | Associated with RALs
Contaminant Units depth interval depth interval interval depth interval

|PCBs (Total) mg/kg-0C 12 12 12 65 Human Health *°%®

cPAH g TEQ/kg-dw 1000 900 1000 900
IDioxins/Furans ng TEQ/kg-dw 25 28 25 28

Arsenic (Total) mg/kg-dw 57 28 57 28

39 SMS COCs Varies by COC | SCO (see Table -- 2xSCO (see Table -- Ecological de

27) 27)

INotes:

1. The average concentrations in depth Interval (e.g., vertically composited samples) are compared to RALs.
2. Human Health RALs and RAO 3 RALs must be met immediately following construction.

®RAO 1 - Human health seafood consumption

® RAO 2 - Human health direct contact includes beach play, clamming, and netfishing

€ RAO 4 - Ecological protection for river otter (addressed by meeting human health PCB RAL)

9RAO 3 - Ecological protection of benthic community
€ There are 41 SMS COCs, but PCB and arsenic are principally RAO 1 COCs. SMS also lists toxicity test-out criteria using bioassays. Test-out is not

allowed for PCBs or arsenic.

|Box 2. Habitat Areas

[elevations of intertidal habitat areas are assumed to be unaffected by addition of 6-9" of suitable materials (i.e., ENR)

Cap,dredge and backfill,or partial dredge and cap to pre-construction grade; finish with suitable habitat layer

In clam habitat areas (Figure 6), caps will generally include 4 ft of suitable clean material Including a minimum 45 cm clam habitat

layer

Figure 19. Intertidal Areas — Remedial Technology Applications
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Room for ENR?
2 ft Below Authorized Navigation
Channel Depth after ENR Placement; or
Below Berth
Maintenance Depth after ENR
placement?

Would >1 ft of Sediment with
COCs > HH RALs or Benthic SCOs
Remain Following Partial Dredging to
Accomodate a Cap?

No

]

P

Area-Specific Technology
(See Section 13.2.1.3)

Yes

/R

See Section 13.2.1.2)

Enhanced Natural Recovery
(With or Without In-Situ Treatment;

Yes

/*\

Partial Dredge and Cap

(See Section 13.2.1.1 and Box 2)

Areas)

Dredge (with Backfill in Habitat

(See Section 13.2.1.1 and Box 2)

!
>

(3

(Se

Cap or Armored Cap
e Section 13.2.1.1 and Box 2)

Box 1. Subtidal Sediments (-4 ft MLLW and Deeper)

Remedial Action Levels (RALs) and De

pth Interval for Application of RAL

Recovery Category 1 Areas

Recovery Category 2 and 3 Areas

Shoaled Areas of the
Federal Channel

Risk Reduction
Associated with
RALs

4 in (10 cm) depth| 2 ft (60 ecm) depth

4 in (10 em) depth

2 ft (60 cm) depth
interval-applied only at
potential tug scour
areas; See Footnote 2

See Footnote 3. Toa
depth of 2 ft below the
authorized depth for

1. The average concentrations in depth interval (e.g., vertically composited samples) are compared to RALs.

Contaminant Units interval interval interval and Figure 16 waterway reach’
PCBs (Total) mg/kg-0C 12 12 12 195 12 Human Health &<
cPAH pg TEQ/kg-dw 1000 1000 1000 - 1000
Dioxins/Furans ng TEQ/kg-dw 25 25 25 - 25
Arsenic (Total) mg/kg-dw 57 57 57 - 57
39 SMS COCs Varies by COC | SCO (see Table SCo 2xSCO0 (see = SCO (see Table 27) |Ecological 2=

27) Table 27)

Notes

2. Potential Tug Scour Areas are Subtidal Elevations Potentially Susceptible to Propellor Wash (North of the 1st Avenue South bridge located at approximately RM 2 in
Water Depths from -4 to -24 ft MLLW, and South of the 1st Avenue 5 Bridge, in Water Depths from -4 to -18 ft MLLW]).
3. Shoaled areas are those areas in federal navigation channel with sediment accumulation above the authorized depth including a 2 ft over-dredge depth; see Table 28.
For areas in the navigation channel that are not shoaled, Recovery Categories 1 or 2 & 3 RALs apply. Authorized depths are: (1) from RM 0 to 2, 30 ft below MLLW (from
Harbor Island to the First Avenue South Bridge); (2) from RM 2 to RM 2.8, 20 ft below MLLW (from the First Avenue South Bridge to Slip 4); and (3) from 15 ft below

MLLW from RM 2.8 to 4.7 (Slip 4 to the Upper Turning Basin).
4. Human Health RALs (and RAO 3 PRGs (Benthic SCOs) in Category 1 areas) must be met immediately following construction.

arsenic.

*RAD 1 - Human health seafood consumption

“RAO 3 - Ecological protection of benthic community

® RAO 2 - Human health direct contact includes beach play, clamming, and netfishing

“RAD 4 - Ecological protection for river otter (addressed by meeting human health PCB RAL)

f Depth intervals to determine compliance will be determined during Remedial Design.

® There are 41 SMS COCs, but PCB and arsenic are principally RAO 1 COCs. SMS Also lists toxicity test-out criteria using bioassays. Test-out is not allowed for PCBs or

€ Caps were assumed to be 3 ft for cost estimating purposes; cap thicknesses will be evaluated by EPA during Remedial Design in accordance with EPA and USACE (1998)

Box 2. Habitat Areas (see Section 13.2.1.1)

Elevations of intertidal habitat areas are assumed to be unaffected by addition of 6-9" materials (i.e., ENR)

Cap, dredge and backfill, or partial dredge and cap to pre-construction grade; finish with suitable habitat layer.

A

Revised Figure 20. Subtidal Areas — Remedial Technology Application
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Record of Decision — Lower Duwamish Waterway Superfund Site

Natural Recovery Decisions During Remedial Design

MMR Below Benthic
S5CO0s (Less Intensive
Monitoring than MNR to
Benthic SCO)

Any COC Exceads Benthic SCO7?

In Rec Categary 17 Y'es

Mo

Mot Suitable for MNR:
Sea Figure 19 (Intertidal
Areas ) or Figure 20
(Suttidal Areas)

Any COC Exceads
HH RALs or 2x Benthic SCO?

No

T icted
o Recover to Benthic SCO
Within 10 Years of Construction
Completion?

MMR to Benthic SCO
{More Intensive Monitoring
Than MNR Below Benthic
SCO)

LTM —

Decisions During Long-Term Monitoring (LTM)

Periodic Monitoring to

e Track Sustained
r Compliance with Cleanup
| Levels
Yes

EPA Determines
Whether Cleanup Levels
can be Practicably
Achieved [See Saction
14.2)

All COCs Meet
Cleanup Levels?

Nex

RAC 1 COCs
(Table 20) Meet Benthic
SCO Within 10 Years of Con-
siruction Completio

Yes — — ——

Figure 21. Intertidal and Subtidal Areas — Natural Recovery Application
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Record of Decision — Lower Duwamish Waterway Superfund Site

Intertidal Areas +11.3 ft to -4 ft MLLW

Recovery Category 1 Recovery Categories 2 and 3
Natural Recovery of Sediments Predicted to be Limited Natural Recovery of Sediments Predicted to Occur
Depth Interval: Remedial Action Levels: Depth Interval: Remedial Action Levels:
Mudline Mudline .
* 39 SMS at >SCOP (Table 20) * 39 SMS at >2xSCOP (table 20)
« 4 Human Health COC> RAL » + 4 Human Health COC > RAL
(Table 28): (Table 28): »
m:'::' *PCB (10:'::; *PCB
( ) *Arsenic > *Arsenic >
« cPAH 9'_ * cPAH (@]
*Dioxins/ Furans < *Dioxins/ Furans =
) D
2 )
D D
* 4 Human Health COC > 3 SA L umariHealth 3
D
RAL (tpactéle 28): - Q COC > RAL (Table 28): 3
s e Q 5 —
*Arsenic o -:Sfenic »g_)"
:;.P A o e « cPAH 2
15ft Joing/ Tukans Y 15f *Dioxins/ Furans o
(45cm) (45cm)

COC = Contaminant of Concern
SMS = Washington Sediment Management Standard
Notes: SCO = Benthic Sediment Cleanup Objective

a) Active remediation comprises dredging, partial dredging and capping, capping, or ENR. See remedial technology applications in flowcharts in Figures 19 and 20.
b) This RAL for surface sediments is only used for 39 of the 41 RAO 3 COCs; that is, does not include PCBs and arsenic which are human health COCs

Figure 22. Intertidal Areas - Remedial Action Levels Application
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Record of Decision — Lower Duwamish Waterway Superfund Site

Subtidal Areas: -4 ft MLLW and Deeper

Recovery Category 1

Natural Recovery of Sediments Predicted to be Limited

Recovery Categories 2and 3

Natural Recovery of Sediments Predicted to Occur

Federal Channel
Shoaled Areas

Depth Interval:

Mudline

4in
(10cm)

2 ft
(60 cm)
Notes:

Remedial Action Levels:

* 39 SMSP at > SCO (Table 20)
* 4 Human Health COC >
RALs (Table 28)

+PCB

* Arsenic

* cCPAH
* Dioxins/ Furans

* 39 SMS at > SCO (table 20)
* 4 Human Health COC > RAL
(Table 28)

*PCB

* Arsenic

« cPAH
* Dioxins/ Furans

=

=

S

e UOI1BIP WY DAIDY

Depth Interval:

Remedial Action Levels:

Mudline

4in
(10cm)

2 ft
(60cm)

| -

_—

39 SMSP at 2 x SCO (Table 20)

4 Human Health COC > RALs

(Table 28)::
*PCB

* Arsenic
*cPAH
* Dioxins/ Furans

Potential Tug Scour

Elevations® (128 acres)
* PCBs at 3x CSL(Table 28)

Deep Elevations® (105 acres)
* No RALin 0-2ftinterval

a) Active Remediation comprises dredging, partial dredging and capping, capping, or ENR. See remedial technology applications in flowcharts in Figures 19 and 20.

b)  This RAL for surface sediments would only be used for 39 of the 41 COCs, and is not used for PCBs or arsenic.

c) Potential tug scour elevations are shown in Figure 17. These are defined as-4 to -24 ft MLLW north of 1%t Ave S Bridge and -4 to -18 ft MLLW south of 1% Ave S Bridge.

d) Deepelevations are defined as deeper than -24 ft MLLW north of 1% Ave S Bridge and deeper than -18 ft MLLW south of 1% Ave S Bridge.

e) Shoaled areas are those areas in navigation channel with sediment accumulation above the authorized depth including a 2 ft over-dredge depth, see Table 28. For areas in the navigation channel that are not shoaled, Recovery Categories 1 or 2
& 3 RALs apply. Authorized depths are: (1) from RM 0 to 2, 30 ft below MLLW (from Harbor Island to the First Avenue South Bridge); (2) from RM 2 to RM 2.8, 20 ft below MLLW (from the First Avenue South Bridge to Slip 4); and (3) from 15 ft
below MLLW from RM 2.8 to 4.7 (Slip 4 to the Upper Turning Basin). To these depths, 2 ft overdredge depth should be added

Figure 23. Subtidal Areas — Remedial Action Levels Application

=

e UOI1RIPAWDY BAIIDY

Depth Interval:

Remedial Action Levels:

—

Mudline

Authorized
Channel
Depthe+ 2 ft

COC = Contaminant of Concern

SMS = Washington State Sediment Management Standards

SCO= Benthic Sediment Cleanup Objective

» 39 SMS at SCO (Table 20)
* 4 Human Health COC > RALs
(Table 28):

*PCB

* Arsenic

* cPAH

* Dioxins/ Furans
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Appendix B

Excerpt from Final Feasibility Study, Lower
Duwamish Waterway

This figure was extracted from the Final Feasibility Study, Lower Duwamish Waterway dated
October 2012.
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FS Figure 2-3. Navigation Channel Longitudinal Cross Section



Section 2 - Site Setting, RI Summary, and Current Conditions

NORTH SOUTH
10 S a ) ™ © 10
WATER LEVEL AT MLLW ’ 7 4 ’
L 0
- 00
(23 [ *
LOWER DUWAMISH WATERWAY ? ) [+)]
-10 2 e Ef (7] g ~10
2 "o 32 [ B
DIRECTION OF FLOW > & 5o
-20 . R S— Z2 20
s 8 & & ) LN i >
d 8 ne 3 Q o 283 2 s
- 730 O 0 = _— =30
u " 5 = ——  SILT AND SAND (Qyal) — w
p ORGANIC SILT AND SILT , == ——
£ 40 ] : _— _40 %
z — z
8 I I g
15 - 3
& -50 -50
o SAND / SAND WITH SILT INTERBEDS B
(Qyal AND Qoal)
-60 -60
3 — =
-70 —— -70
R
—
PR
-80 — -80
/
N - — - _ n_____—
-90 - -90
? /
= ST~ _— =
~100 — — -100
0.1 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
‘ RIVER MILE (MI) ‘
| REACH 1 | REACH 2 | REACH
800 0 1600
o KEY STRATIGRAPHY** HORIZONTAL SCALE IN FEET
T VERTICAL EXAGGERATION = 50:1
LEGEND T0-Core Name _ [CJrecent
DR—171 @ Historical Subsurface Core e Distance from section to Core)
SC4-96 = PSSDAYG study " Top of Core CUPPER ALLUVIUM/TRANSITION
SC2-98 = PSDDA98 study
SC6-99 = PSDDA99 stud | ]
DR171 = EPASI Studsyu Y H Observed Contocts DLOWER ALLUVIUM
3727*M Upland Core —Bottom of Core
7459 = Hart Crowser 1979 study [CJDENSE POST-GLACIAL AND GLACIAL UNIT
41218 = \;ogr;egmlsttsuudy(}eo\oglcc\ Services Qtb = TRANSITIONAL SILTS
3727 = Dames and Moore 1988 study Qyal = YOUNGER ALLUVIUM
58362 = Seattle Public Utilities (CPT—D77_01) Qoal = OLDER ALLUVIUM
1985 study
SC48 * 2006 Subsurface Core
Authorized navigation depth LITHOLOGY NOTES
(ft MLLW) C\ay/SHt 1) MLLW — mean lower low water
Mid—channel mudline elevation A organic silt 2) 2006 Phase 2 cores (SC3, SC8, SC9, SC14, SC20, SC48, SC49) are labeled with bold
(based on 2003 bathymetric survey, font in cross section.
ft MLLW; Windward and DEA 2004) m]snt
3) AV8—9-98 is an average of Cores 8 and 9 from PSDDA (1998).
Water level at MLLW (ft)
. o 4) Upland cores from GeoMap NW, Pacific Northwest Center for Geologic Mapping Studies.
—— —— Top of projected core not shown ESond with silt interbeds http://geomapnw.ess.Washington.edu/index.php
5) Cross sections represent regional geology. See core logs in the Subsurface Sediment
Grovel, sandy gravel Data Report (Windward 2007) for detailed stratigraphy.
* Upland cores projected into navigation channel. Lower portions of upland cores used
to bound deeper sediment units.
** Stratigraphy terminology is used in Subsurface Data Report (Windward and RETEC
2007) and Sediment Transport Analysis Report (Windward and QEA 2008).
LOWER DUWAMISH WATERWAY
FINAL FEASIBILITY STUDY NAVIGATION CHANNEL
LONGITUDINAL CROSS SECTION
60150279-14.34
DATE: 10/31/12 [orwn: Em./MO/SEA | | FIGURE 2-3
2-96
Appendix B

Page B-1



Appendix C
Draft Preliminary Design Investigation
Work Plan




Appendix D

Quality Assurance Project Plan: Pre-Design

Surveys of the Lower Duwamish Waterway
Upper Reach




Lower Duwamish Waterwa y Group

Port of Seattle / City of Seattle / King County / The Boeing Company

QUALITY ASSURANCE PROJECT PLAN:

PRE-DESIGN SURVEYS OF THE LOWER DUWAMISH
WATERWAY UPPER REACH

FINAL

Prepared for:

The U.S. Environmental Protection Agency
Region 10
Seattle, WA

April 11, 2019

Prepared by:

ANCHOR .
QEA c== S Wind/Ward
< In assoclation ‘environmental LLC
with
1201 3rd Avenue ¢+ Suite 2600 200 West Mercer Street ¢ Suite 401

Seattle, Washington ¢ 98101 Seattle, Washington ¢ 981199



TITLE AND APPROVAL PAGE

QUALITY ASSURANCE PROJECT PLAN:

PRE-DESIGN SURVEYS OF THE LOWER DUWAMISH WATERWAY
UPPER REACH

Anchor QEA, LLC, Project

Manager ,7Amug Mﬁr‘(_ﬁ, April 10, 2019
Name {’/[ Date
ELLEN HALE  oseisons 1o0606 0700

EPA Project Manager

Name Date

Northwest Hydro, Inc.,

Project Manager dﬂkmﬁ——%"” April 10, 2019

/ Name Date

Lower Duwamish Waterway Group Pre-Design Surveys

Port of Seattle / City of Seattle / King County / The Boeing Company D' | | Aprll 2019



DISTRIBUTION LIST

This list identifies all individuals to receive a copy of the approved Quality Assurance Project
Plan, either in hard copy or electronic format, as well as any subsequent revisions.

e Elly Hale, U.S. Environmental Protection Agency
e Kristen Kerns, U.S. Army Corps of Engineers

e Lower Duwamish Waterway Group

Joanna Florer, Port of Seattle

Dave Schuchardt, Allison Crowley, and Pete Rude, City of Seattle

Jeff Stern and Debra Williston, King County

Joe Flaherty and Lindsey Mahrt, The Boeing Company
e Tom Wang, Anchor QEA

o Kathy Godtfredsen, Windward Environmental

e James Glaeser, Northwest Hydro

e Tim Ingraham, True North Land Surveying

Pre-Design Surveys

Lower Duwamish Waterway Group

Port of Seattle / City of Seattle / King County / The Boeing Company D' 1l | Ap”l 201 9



TABLE OF CONTENTS

Lower Duwamish Waterway Group

T INEOAUCHION ettt ettt st e senenas 1
2 Project Management and Data Quality Objectives..........ccccoeeeernrrrsenenencnennenreecneene 2
2.1 ProjeCt OrganiZatiON ...ttt ss s bbbt et 2

2.2 Problem Definition and BaCKgrOUNG ........cc.coveerineriinereiesiesseessesss s sssesssssssssssssssssssssssesssnnees 3

2.3 PrOJECt DESCIIPTION oottt as s s st 3

2.4 Data Quality ObjJectives and CrIteria. ..o ss st ssss s sssesssesssneens 4

2.5  Special Training and CertifiCation ...t ssssssssss s sssssens 10

2.6 Documentation and RECOIMS ...ttt et ss st 10

3 Data Generation and ACQUISITION .......c.oueueueiieenineeiereecceeneeeeeeeeeeseeseeae e eeeeens 12
3T SUINVEY DESIGN oottt et 12

3.2 SUINVEY METNOMAS ...ttt 12
321 SUNVEY VESSEI @NA CIOW ..ottt st sss s ss s sesenen 13

322 CONEIOI NEEWOTK w.coveeeet ettt 13

3.2.3  POSITIONING .ottt sttt sttt s st s bt st s st sssssnnses 14

3.24  Bathymetric Data ACQUISITION ...t ss st s ssssssnnes 15

325 SUNVEY SCREAUIE......ceoe ettt sttt 18

3.3 Data ProcesSing METNOAS. ...ttt et st 18

34 QUAIILY CONTIOL ..ttt ettt et 19

3.5 Instrument/Equipment Testing, Inspection, and MainteNanCe ... 20

3.6 Instrument/Equipment Calibration and FreqUENCY ... seeeens 21

3.7 Inspection/Acceptance of Supplies and ConsumMabIes...........cccooirrirnricnrionninnrneresiesseseseseeens 21

3.8 NON-DIreCt MEASUIEMENTS .....ouuieriercireiseisseeireceetisseie et ss s sttt 21

3.9 Data ManagemMENT.. . ettt e e bt 22

4 Assessment and OVErSIght ...ttt et eseesessens 23
4.1 Assessments and RESPONSE ACLIONS ...t sesess et es st et ssss s ssssaees 23

4.2 Reports t0 ManagemMENT ...ttt ssse e sese s seseasesssesasans 23

5 Data Validation and Usability ..........cccceeenriieneneninininnececsenentstesssseeesesesessssesssssesesesens 24
5.1  Data Review, Verification, and Validation ... eisessssessssessssesssseees 24

5.2 Verification and Validation MethOds..........cciincieeseeise e sessessssessssseees 24

5.3 Reconciliation with Data Quality ODJECLIVES ..ot ssennes 24

6 REFEIENCES ...ttt ss e st ss e as s ssase s s ssessasssassassesns 26

Pre-Design Surveys

Port of Seattle / City of Seattle / King County / The Boeing Company D' 1l | Ap”l 201 9



TABLES

Table 1 DQO Process for Bathymetric SUNVEY ... sseessessssssssssssssenns 7
Table 2 Comparison of 2003 and 2019 Bathymetric Survey Methods..........ccoevcemmrrernes 9
Table 3 Key Targets and Related DatUms.......c...oovorenreennreineseiessisessesssssssesssssssssssssssssssenns 25
FIGURES

Figure 1 Coverage for Bathymetric Survey of the Lower Duwamish Waterway............... 6
APPENDICES

Appendix A Health and Safety Plan

Pre-Design Surveys

Lower Duwamish Waterway Group

Port of Seattle / City of Seattle / King County / The Boeing Company D' v | Ap”l 201 9



ABBREVIATIONS

QAPP
DGPS
DQO
DTM
Ecology
EPA

FS

GIS
GPS
HASP
LDW
LiDAR
LDWG
MLLW
NAD
NOAA
NWH
PDI
POS/MV
QC

RD

ROD
RM

RTK
SV
SVP
True North
USACE

quality assurance project plan

differential global positioning system
data quality objective

digital terrain model

Washington State Department of Ecology
U.S. Environmental Protection Agency
Feasibility Study

geographic information system

global positioning system

Health and Safety Plan

Lower Duwamish Waterway

light detection and ranging

Lower Duwamish Waterway Group

mean lower low water

North American Datum

National Oceanic and Atmospheric Administration
Northwest Hydro, Inc.

Pre-Design Investigation

Position and Orientation System for Marine Vessels
quality control

Remedial Design

Record of Decision

river mile

real-time kinematic

survey vessel

sound velocity profiles

True North Land Surveying, Inc.

U.S. Army Corps of Engineers

Lower Duwamish Waterway Group

Port of Seattle / City of Seattle / King County / The Boeing Company

Pre-Design Surveys
D-v | April 2019



1 Introduction

This quality assurance project plan (QAPP) describes the methods and quality control (QC)
for conducting river bed elevation surveys for the Lower Duwamish Waterway (LDW) Upper
Reach, from river miles 3.0 to 5.0, consistent with the Lower Duwamish Waterway Fourth
Amendment of the Administrative Order on Consent (EPA 2018). Bathymetric surveying (using
a survey vessel) will need to be conducted over all aquatic areas between river mile (RM) 3.0
to 5.0 to the extent practicable, to support the design of the remedy in the Upper Reach.

This Survey QAPP is focused on bathymetric surveying methods and QC, in order to
expedite collecting bathymetric data to inform the Remedial Design (RD) and Pre-Design
Investigation (PDI) Work Plans. Topographic surveying (or land surveying) may be needed in
shoreline areas where remedial action is determined to be required, but a topographic
survey will not be needed throughout the entire Upper Reach. Because final remedial action
areas will be determined after future PDls are completed, topographic surveying will be
conducted at a future date, to be determined. Topographic survey methods and QC will be
described in a QAPP addendum prior to conducting required topographic surveys.

Access restrictions and river conditions (e.g., moored vessels and tidal elevations) at the
time of the initial bathymetric survey may prevent obtaining all bathymetric data required
for RD in one survey event, but an initial expedited bathymetric survey is proposed to
support the development of the RD Work Plan and related documents (e.g., PDI Work Plan).
Additional bathymetric survey(s), if needed to obtain full coverage of the LDW Upper Reach,
will be proposed in the PDI Workplan. The scope of any additional bathymetric surveys
would be proposed to the U.S. Environmental Protection Agency (EPA) for review; the initial
and any subsequent bathymetric surveys will follow the methods and QC procedures as
described in this QAPP.

EPA guidance for QAPPs was followed in the preparation of this project plan (EPA 2002).
This plan is organized into the following sections:

e Section 2 — Project Management and Data Quality Objectives
e Section 3 — Data Generation and Acquisition

e Section 4 — Assessment and Oversight

e Section 5 — Data Validation and Usability

e Section 6 — References

Pre-Design Surveys
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Port of Seattle / City of Seattle / King County / The Boeing Company D' 1 | Aprll 2019



2 Project Management and Data Quality Objectives

2.1 Project Organization

The bathymetric survey will be conducted by Northwest Hydro, Inc. (NWH), under the
direction of Anchor QEA. Anchor QEA will be responsible for overall project coordination and
for performing the administrative tasks needed to ensure timely and successful completion
of the project. Anchor QEA will also be responsible for communicating with King County, the
Lower Duwamish Waterway Group (LDWG), and EPA on schedule, any significant deviations
from the QAPP, and administrative details. NWH will be responsible for conducting the survey,
conducting post-processing of the survey data, and for reporting deviations from the QAPP to
the Anchor QEA project manager. Tom Wang will serve as the Anchor QEA project manager:

Tom Wang

Anchor QEA, LLC

1201 3rd Avenue, Suite 2600
Seattle, Washington 98101
Telephone: 206.903.3314

Cell: 206.465.0900

Email: twang@anchorgea.com

James Glaeser will serve as the NWH field operations manager for the bathymetric survey:

James Glaeser

Northwest Hydro, Inc.

31 Cougar Creek Road

Skamania, Washington 98648
Telephone: 360.241.7313

Email: james@northwesthydro.com

Tim Ingraham, of True North Land Surveying, Inc. (True North), will serve as the quality
assurance manager for the bathymetric survey.

Tim Ingraham

True North Land Surveying, Inc.

815 S Weller Street, Suite 200

Seattle, Washington 98104

Telephone: 206.332.0800

Email: tim@truenorthlandsurveying.com

Pre-Design Surveys
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True North is part of the overall surveying team for the project, primarily responsible for
topographic surveying, and is not directly involved in collecting bathymetric survey data.

2.2 Problem Definition and Background

The last site-wide bathymetry survey of the Upper Reach was completed in 2003. Updated’
bathymetric survey data are required to inform the PDI and provide a base map for the RD.
The bathymetric data are planned to be used to:

e Establish the current waterway bed elevations in the LDW Upper Reach.

e Develop an accurate base map, representative of current bathymetric conditions,
which is needed to develop engineering drawings and quantity calculations.

e Provide physical conditions information, as noted in Table 23 of the Record of
Decision (ROD), to help refine, if needed, areal designations of Recovery Categories,
which is also based, in part, on the Sediment Transport Modeling completed during
the LDW Feasibility Study (FS) in 2012; and the Waterway User Survey (Integral 2018)
and contaminated trends analysis summarized in the Recovery Categories
Recommendation Report (Integral 2019), completed during the LDW Third
Amendment to the Administrative Order on Consent.

- Update the delineation of potential vessel scour areas identified in the FS
(AECOM 2012), to inform Recovery Category designation

- Provide the data to generate new sun illumination maps that identify areas with
scour from propellers and other vessel interactions with the sediment

- Update the depth contours that define the upper and lower bounds for the
propeller scour potential area

e Use updated bathymetric elevations to inform sampling locations for the PDI. Bed
elevations will be considered when selecting sample locations.

e Use updated bathymetric survey to identify elevations of new surface and subsurface data.

2.3 Project Description

A multibeam bathymetric survey will be performed to produce an accurate, up-to-date
bathymetric dataset containing bank-to-bank data (where possible) for the LDW Upper
Reach RD, addressing the data needs identified in Section 2.2. As much as possible, the
survey will be performed at high tide when surveying near shorelines, to allow collection of

" The U.S. Army Corps of Engineers (USACE) periodically surveys the navigation channel of the LDW, and survey data
from the USACE will be evaluated in the PDI.
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data as high as possible on the banks of the waterway using bathymetric multibeam survey
equipment. Limited use of single-beam equipment may need to be implemented in areas of
very shallow water depth where the multibeam equipment may not be as effective.

Data coverage will be extended upstream and downstream of LDW Upper Reach boundaries
to the extent practicable, including approximately 100 feet into Slip 4, to provide overlap for
potential future survey work and to allow for engineering evaluations along the boundaries
of the study area. The bathymetric survey coverage area will extend from RM 2.75
(approximately adjacent to Slip 4) to RM 5.25 (approximately 0.5 mile upstream of the
Upper Turning Basin), as shown on Figure 1. Bathymetric surveying upstream of RM 5.0,
which is outside of the Upper Reach, will be attempted if water depth conditions and
overhead clearance at the bridge at RM 5.0 allow a small survey vessel to pass underneath.
Future topographic surveys may be needed in shoreline areas where remedial action is
determined to be required and will be performed at low tide to allow overlap with the
bathymetric survey data. Bathymetric data will be collected using methods described in
Sections 3 through 5 of this QAPP, to meet the needs identified in Section 2.2.

The location and extent of the enhanced natural recovery-activated carbon pilot study Intertidal
Plot, which is near RM 3.9 on the east side, is shown on Figure 1. The bathymetric surveyor will
use caution when surveying in the area of the pilot study plot to avoid disturbing the sediment.

The survey will be performed as soon as practical after receiving EPA approval of this QAPP,
considering factors such as the occurrence of daytime high tides, to allow for the use of the
information in preparation of the RD and PDI Work Plans. The schedule for completing the
survey and preparing deliverables is presented in Section 3.2.5.

2.4 Data Quality Objectives and Criteria

The data collection and targeted methods selected for this survey will be implemented
using state-of-the-art equipment and technology and will meet the data needs presented in
Sections 2.2 and 2.3. The completeness of final data (i.e., areal coverage) will be evaluated in
consultation with EPA to determine if there are data gaps requiring further bathymetric
surveying to support RD, and the need for alternative surveying methods (e.g., upland
topographic surveys, single-beam bathymetric survey, or light detection and ranging [LiDAR]).
The overall data quality objectives (DQOs) for this project include the following elements:
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1. Provide the bathymetric data to generate new sun illumination maps that identify areas
with scour from propellers and other vessel interactions with the sediment; this
information will be used to potentially modify the Recovery Category area designations

2. Define the current bathymetry of the LDW Upper Reach with sufficient confidence (as
presented in the accuracy discussion in this section) to inform selection of sampling
locations for Pre-Design Investigation data collection to support the RD

3. Provide a base map, subject to modification with the addition of follow-up bathymetric
and topographic survey data, if needed, for the RD.

The DQOs were developed in conformance with the Guidance for the Data Quality
Objectives Process (EPA 2000) and are outlined in Table 1. Parameters used to assess data
quality include precision, bias, accuracy, representativeness, comparability, completeness,
and sensitivity. These data quality parameters are discussed as follows:

Precision: The measure of agreement among repeated measurements will be evaluated
during data processing using a HyPack HySweep multibeam editor by comparing
overlapping swaths. During swath editing, each individual swath will be color-coded to allow
for comparison of horizontal and vertical features from swath to swath.

Bias: Bathymetric surveying methods are not prone to systemic or persistent distortions that
cause errors in one direction. Corrections for various distortions are discussed in Section 3.2.
Readings from the multibeam survey will be referenced to control points to tie into
topographic surveys and for comparison to previous bathymetric information.

Accuracy: The target horizontal accuracy is 3 feet at a 95% confidence level, and target
vertical accuracy is +/- 0.5 foot at a 95% confidence level.? These accuracy levels meet or
exceed the minimum performance standards for measurement and payment level surveys
for soft bottom material navigation and dredging support surveys in the U.S. Army Corps of
Engineers (USACE) Hydrographic Surveying Engineering Manual (USACE 2013). Accuracy will
be demonstrated in the cross-line analysis,®> which provides a confidence level for each
sonar beam. The horizontal and vertical datums for the survey are identified in Section 3.1.

2 Although data are collected and processed using metric units with the hydrographic information processing system
(see Section 3.4), final maps will be produced in units of feet for consistency with previous surveys in the LDW.

3 Cross-line analysis is a method of quality assurance that compares measurements made at intersecting points from
survey lines run across the primary survey lines to the data obtained from the same points on the primary survey lines.
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Table 1

DQO Process for Bathymetric Survey

DQO Step

DQO No. 1

Inform Recovery Category Designation
Modifications

DQO No. 2

Inform Selection of Sampling
Locations

DQO No. 3

Provide a Base Map for the
Remedial Design

1. State the Problem

Recovery Categories were identified
based on lines of evidence indicated in
the ROD. These include using 2003
bathymetric data, sediment-transport
modeling output, empirical chemistry
data, and the waterway user survey.
Bathymetric data are now more than

15 years old and may not reflect current
navigational uses of the waterway.

The selection of sediment and
geotechnical sampling locations for
Pre-Design Investigation and
remedial design should be informed
by bathymetric conditions.
Establishing required elevations for
remedial actions needs accurate
bathymetry elevations.

The current site base map is
based on bathymetric data that
are more than 15 years old.
Current data are needed to
design activities such as
dredging and capping, and to
calculate accurate quantities.

2. Identify the Decision

Recovery Category designation areas will
be reviewed during remedial design
using new bathymetric data (sun
illumination maps) to assess evidence of
vessel scour or other disturbances to the
bed (as one line of evidence to inform
potential recovery category
modifications).

The results of the bathymetric
survey will be considered when
selecting sampling locations.
Remedial design sampling data will
be referenced to elevations from
the new bathymetric survey.

Current bathymetry mapped to
a contour interval of 1.0 foot
will be used in the remedial
design to define extents of
remedial construction activities
(such as dredging and
capping), calculate quantities,
and define water depths to
inform contractor’s equipment
selection to perform
construction activities.

3. Identify the Inputs to
the Decision

The density of bathymetric survey data and the accuracy of the survey method will follow USACE hydrographic
survey guidance for design-level surveys and be sufficient to have confidence that the bathymetric surface created
from the survey is representative of actual conditions.

4. Define the Boundaries
of the Study

The boundaries of the study are defined by the Record of Decision, the Fourth Amendment to the Administrative
Order on Consent, and the scope of work as RM 3.0 to 5.0. To the extent practicable, the sediment surface
between RM 2.75 and 5.25 (excluding Slip 4, which is downstream of the Upper Reach) will be surveyed.
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DQO Step

DQO No. 1 DQO No. 2
Inform Recovery Category Designation | Inform Selection of Sampling
Modifications Locations

DQO No. 3

Provide a Base Map for the
Remedial Design

5. Develop a Decision
Rule

Established techniques for collecting and processing bathymetric survey data, including QC and quality assurance,
will be used to collect data. The techniques are described in Sections 3 through 5.

6. Specify Tolerable
Limits on Decision
Errors

The probability of decision errors will be minimized through strategies to minimize statistical sampling errors and
measurement errors. "Sampling errors," which in the context of a bathymetric survey are a failure to account for
the variability of the bathymetry, are addressed by the data density in the design of the survey. Several techniques
are used to detect and correct for measurement errors. Survey design is described in Section 3.1, QC techniques

are described in Section 3.5, and data validation is described in Section 5.

7. Optimize the Design
for Obtaining Data

The bathymetric survey methods, equipment, and spacing of survey lines were selected to provide data that would
meet the needs of the RD project. The details of the survey design are described in Section 3.1.

8. Applicable Survey
Method to Meet DQO

Bathymetric Survey Bathymetric Survey

Bathymetric and Topographic
Surveys
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Representativeness: The overall degree to which the data appropriately reflect the LDW
environment will be evaluated through visual analysis of the resulting sun-illuminated image
to identify data anomalies or artifacts, and through comparison to prior surveys.

Comparability: The results of the 2003 and 2019 surveys should be directly comparable,
given the similarities in the survey methods and equipment. The same horizontal and vertical
datums will be used for the 2019 survey as those used in 2003 (as discussed in Section 3.1).
Table 2 provides a summary of the equipment and software used and the target accuracies
for the two surveys.

Table 2
Comparison of 2003 and 2019 Bathymetric Survey Methods
Feature 2003 Survey 2019 Survey
Multibeam Sonar System Reason 8101 R2Sonic 2022
RTK GPS Inertial Navigation System Applanix POS-MV Applanix POS-MV

Caris Hydrographic Information

Hydrographic Processing Software Processing System

HyPack HySweep

Sounding Selection Method 1-foot by 1-foot average 1-foot by 1-foot average
Horizontal Accuracy +/- 3 feet +/- 3 feet
Vertical Accuracy +/- 0.5 feet +/- 0.5 feet

Completeness: The objective of the survey is to provide bank-to-bank coverage where the
survey vessel can safely navigate. The targeted water elevation for surveying shorelines is
>5 feet above mean lower low water (MLLW). The following factors will affect the ability to
collect bank-to-bank data:

e Tidal stage: increased water depth allows for increased coverage toward shore from
the survey vessel. The progress of the survey will be timed to gather data from the
banks at the time around the high tide and from deeper water within the channel
when tide levels are not critical to data collection.

e Obstructions such as docks, moored vessels, or pilings, which may restrict vessel
operations or block sonar signals. The survey vessel will work around existing
structures as they are encountered. LDWG will ask owners of moored vessels to move
their vessels, but vessel owners may choose not to comply with requests from LDWG.
Obstructions that prevent access for surveying will be noted in the field log and
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reported as explanatory notes with the final survey drawings. The nature of the
obstruction and the size of the affected area will be noted.

e Bank slope: a long shallow bank will not be mapped as close to shore as a steep bank.
The survey vessel operator will adjust survey methods to the extent practicable, as
described in Section 3.2, to collect data as high as possible on shallowly sloped banks.

It is expected that there will be data gaps that cannot be avoided, such as those caused by
obstructions* or shallow areas. These areas will be evaluated on a case-by-case basis, and an
assessment will be made in consultation with EPA to determine whether further bathymetric
surveying or alternative surveying methods (e.g., upland topographic surveys, single-beam
bathymetric survey, or LiDAR) are required to fill data gaps to inform the RD.

Sensitivity: The sonar swath will be limited to 60° throughout the project area with the
exception of shoreline banks and slopes under existing piers and floats. The hydrographer
that is onboard during data acquisition will make the determination on when it is
appropriate to use sonar beams beyond 60°.

2.5 Special Training and Certification

NWH personnel have specialized training and extensive experience in conducting high-
resolution multibeam surveys. NWH's field operations manager is a certified hydrographer
under the American Congress on Surveying and Mapping Hydrographer Certification
Program. Additional specialized training includes the following:

e University of New Brunswick: Ocean Mapping Group Multibeam Sonar Training
Course (March 2007)

e HyPack Annual Training (latest: January 2018)

e Caris Hydrographic Information Processing System (March 2010)

2.6 Documentation and Records

Prior to mobilization for the bathymetric survey, the approved QAPP will be provided to all
field personnel for review. The Anchor QEA project manager or his designee will confirm
that all field personnel receive the final QAPP, including any addenda and modifications. The
leader of the field operations will be responsible for conducting the survey in conformance

4 LDWG does not have day-to-day control over the location of ships and barges in the LDW to enable removal of
these types of obstructions prior to the survey.
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with the requirements of the approved QAPP, and the NWH field operations manager will
be responsible for overall quality assurance of the bathymetric survey product.

Multibeam bathymetric data will be presented as a series of maps that will be overlaid on
sun-illuminated images of the bathymetric digital terrain model (DTM). Drawings will be
compiled in AutoCAD at a mutually agreed-upon scale, to be determined during design. The
maps will be projected in North American Datum (NAD) 83 through the 1991 adjustment
(NAD83/91) Washington State Plane North (feet) and will include 1-foot elevation contours
in feet MLLW. The multibeam sun-illuminated maps will represent a full coverage survey
over the area imaged and will provide details of riverbed features. Sun-illuminated images
will be produced in color. The multibeam data will also be imported into an ASCII format for
use in a geographic information system (GIS).

The following information will be provided in the bathymetric survey data report, which will
be submitted as part of the PDI Data Evaluation Report:

e Written report of the survey describing survey methodology, equipment (including
the sensitivity of the equipment), and analysis methodology (submitted as draft and
final versions)

e Documentation of QC checks and identification of QC issues

e Deviations from this QAPP

e Contour maps at a mutually agreed-upon scale, to be determined during design

e Sun-illuminated maps at the same scale and layout as contour maps

e Electronic versions of data products, which will include Portable Document Format
(PDF) files for reports, AutoCAD files (DWG format) of contours and imagery, ArcMap
shape files of contours, and georeferenced TIFF files of imagery

e ASCII files of 1-foot binned data sets
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3 Data Generation and Acquisition

3.1 Survey Design

The bathymetric survey of the LDW will collect precision data in the primary survey area
covering approximately 2.5 miles of the waterway starting at RM 2.75 and extending
upstream to RM 5.25 (if feasible), as shown on Figure 1.

The survey will be conducted using multibeam sonar over most of the project area. In areas
with sufficient water depth (greater than 8 feet), multibeam sonar allows for the collection of
data with up to 100% coverage of the riverbed, compared to single-beam methodology,
which covers a single track directly below the survey vessel and allows for only partial
coverage. This method allows for the collection of high-resolution bathymetric data. The
multibeam bathymetric data will be used to create a digital terrain model of the riverbed
morphology, from which sun-illuminated images will be generated.

Data will be collected by running several lines parallel to the shoreline. Several
perpendicular crosstie lines will also be surveyed to confirm system calibration and
document accuracy.

The survey will be conducted on an established coordinate system, referenced by
monuments established or recovered during a geodetic control survey of the site. The same
horizontal and vertical datums will be used for the 2019 survey as those used in 2003. The
horizontal datum for this survey is NAD83 through the 1991 adjustment (NAD83/91), State
Plane Coordinate System, Washington North Zone, measured in U.S Survey Feet. Vertical
datum for this survey will be feet MLLW. The GEOID12B model will be used to relate
soundings to North American Vertical Datum of 1988. Both the 2003 and 2019 bathymetric
surveys will be on the same National Tidal Datum Epoch. The target horizontal and vertical
accuracy of the bathymetric survey is presented in Section 2.4.

3.2 Survey Methods

This section describes the survey vessel and crew, control network, positioning, and
acquisition of multibeam data. Safe working practices for conducting this survey are
described in the Health and Safety Plan (HASP; see Appendix A).
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3.2.1 Survey Vessel and Crew

The survey vessel (S/V) will be the S/V Soundwave, or equivalent, an 8-meter custom
aluminum survey boat owned and operated by NWH. This vessel is equipped with an
integrated navigation and data acquisition system and a custom mount for the

R2Sonic 2022 sonar head and is ideal for shallow-water survey operations in tight quarters.
A smaller vessel will be used in areas with restricted overhead clearance. The same survey
equipment and QC procedures will be used with either vessel. The bathymetric survey crew
will consist of a lead hydrographer and an assisting hydrographer from NWH.

3.2.2 Control Network

Prior to the multibeam survey, True North will establish a control network along the LDW.
This control network will be based on NAD83/91, Washington North Zone horizontal
positions, and MLLW elevations. As the primary vertical control for this survey will be
provided by real-time kinematic (RTK) GPS observations based on this control network, an
accurate ellipsoid separation model, which is built into the Hypack software, will be used to
provide on-the-fly conversion from the WGS84 ellipsoid (ellipsoid from which GPS heights
are derived) to MLLW. This requires ties to existing monuments for which MLLW elevations
and NAD83/91 positions are published and placement of new monuments along the project
corridor.® In addition, the control network will be expanded to include ties to staff gauging
sites positioned approximately 1 to 2 miles apart within the study area. If existing staff
gauges are not positioned approximately 1 to 2 miles apart, new gauges will be placed
along the LDW at approximately RM 3, 4, and 5. Exact locations will be determined in the
field (as a standard practice) and documented in the hydrographer’s field log. Adjustments
will be computed for each staff gauge to allow for a real-time comparison to RTK GPS-
derived water surface elevations, which will be recorded at 1-minute intervals at a temporary
monitoring station set up for the bathymetric survey.

A geodetic control survey will be conducted using GPS techniques from monuments with
published positions and elevations. A network of observations will be made with redundant
comparisons to document accuracy of the survey. The details of the geodetic control survey
will be reported with the results of the bathymetric survey.

> Upland survey monuments will be placed at each end of the study area and at two locations within the study area. In
addition, staff gauging locations will be positioned approximately 1 mile apart within the study area.
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3.2.3 Positioning

Horizontal positions will be acquired with an Applanix Position and Orientation System for
Marine Vessels (POS/MV) RTK positioning system and inertial navigation system. This
system integrates two GPS receivers with a motion reference unit. Additionally, RTK GPS
corrections will be input into the system to improve horizontal positioning accuracy to
better than 0.5 meter (1.6 feet). The advantage of this system is that it not only provides
motion information (i.e., heading, roll, pitch, and heave) to compute X, Y, Z data from the
multibeam sonar measurements, but it also provides accurate inertial navigation through
GPS outages for up to 30 seconds, which has been a major problem with conventional
differential global positioning system (DGPS) equipment. These systems are preferred
because the use of conventional equipment near bridges and alongside ships, a typical
environment in the LDW, causes satellite signals to be blocked and/or reflected from these
structures (multi-path), resulting in position jumps or large drifts in position, which can
exceed survey tolerances. During these GPS signal outages, the inertial system takes over
and provides accurate navigation until GPS signals are reestablished after passing the
obstruction.

Position data will be used in real-time to provide navigation information to the vessel
operator. A preliminary coverage plot will be generated in real-time to show multibeam
swath coverage. The helmsman will be presented with a plan view of the survey area, with
the vessel position and track. A color-coded swath of the multibeam coverage will be
painted to the screen and used to navigate the survey vessel to fill the area. To check the
accuracy of the positioning system and confirm that the geodetic parameters used in the
real-time projection to the NAD83/91 Washington North Zone coordinate system are
correct, a position check will be conducted daily on an established monument with a known
position. Water surface measurements will be obtained by RTK GPS with on-the-fly
ambiguity resolution, which is the ability to determine very accurate RTK GPS measurements
while the survey vessel is moving. Water surface elevations obtained by RTK GPS will be
checked against a primary National Oceanic and Atmospheric Administration (NOAA) tide
station (9447130), located at the Colman Ferry Terminal in downtown Seattle, at staff
gauges placed every 1 to 2 miles along the study corridor, and at an automated water-level
gauge deployed by NWH at the upper reach of the study area. All soundings will be
reduced to MLLW elevations in the delivered data set.
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The automated water-level gauge will be deployed continuously during the survey to record
and time-tag 1-minute water level observations at the upper reach of the study area. The
gauge consists of a pressure transducer and a surface interface and recording device. The
following procedures will be followed for deployment:

e A temporary staff gauge will be surveyed in at the gauging site.

e The system clock will be synchronized with the data acquisition computers aboard the
survey vessel prior to the survey.

e The pressure transducer will be calibrated relative to the staff gauge.

During the survey, system clock checks and comparisons of staff gauge results to
automated gauge results will be conducted at least three times (beginning, middle, and
end) per day of survey.

3.24 Bathymetric Data Acquisition

Soundings, or precision water depth measurements, will be acquired with a R2Sonic 2022
broadband multibeam bathymetric sonar. Using a frequency of 400 kHz, the R2Sonic sonar
illuminates up to a 160° (80° to starboard and 80° to port) by 1.0° swath along the riverbed,
perpendicular to the ship’s track, and resolves a slant-range measurement to the riverbed
every 1.0° along the swath. Sonar ping rates vary, depending on the depth of the water and
sonar range settings, but generally will be a minimum rate of 17 Hz as the vessel transits
along the survey track line.

Multibeam data will be collected by running lines parallel with the shoreline. Although the
R2Sonic multibeam sonar can acquire data out to 80° on both port and starboard sides
under the standard deployment, data will not meet target vertical criteria beyond 60° on a
flat bottom. During survey operations all lines offshore of the shoreline runs will have the
sonar swath width limited to a maximum of 60° on both starboard and port beams (or less,
depending on refraction and cross-line analysis) during processing. While collecting sloped
shoreline and under-dock bathymetry, it may be necessary to tilt the multibeam sonar head,
which is mounted on the starboard side of the vessel, to starboard 20°. In this configuration,
shoreline data can be collected as far up the bank as possible, on a steep bank, by making
shoreline runs with the starboard side toward shore. Survey lines offshore of the shoreline
runs will limit the starboard beams at 60° (or less, depending on refraction and cross-line
analysis) during processing.
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Running with a 120° swath (60° to port and starboard), the system still provides 3.5 times
the water depth coverage in a single pass. The total swath width of full coverage mapping in
a single pass will vary with the water depth, the cross-line comparison, and refraction
analysis. If ships or barges, which may obstruct a planned survey transect, are shallow draft
and not too wide, it may be possible to survey under them with the wide swath of the
R2Sonic 2022. The POS/MV system will enable the survey vessel to run near ships at berth
with minimal loss of positioning integrity. In addition to several parallel lines down the
channel, crosstie lines will be run over the main scheme lines to confirm system calibration
and document the accuracy of the survey. In addition, single-beam comparison lines will be
run in shallow water along the shore to confirm accuracy of the outer beams. To account for
vessel heave (vertical movement), pitch and roll, an Applanix POS/MV motion reference
sensor, or equivalent, will be utilized. The POS/MV system will also be used to record vessel
heading (yaw) from which the sonar beam orientation is derived. The POS/MV provides a
higher degree of accuracy for heading measurements than a conventional gyrocompass.

Multibeam data will be acquired with HyPack HySweep data acquisition software. HySweep
acquires and time-tags all sensor data, including multibeam sonar, position, heading, heave,
pitch, and roll. The navigation system provides navigation output to the vessel operator’s
monitor and manages the survey. The acquisition systems can also be used to replay the
survey so that the coverage and quality of the data can be reviewed prior to demobilization
from the site.

Detailed measurements of the sound velocity profile through the water column are crucial in
multibeam surveys and will be measured at 0.5-meter depth intervals from the water surface
to the mudline in the part of the survey area with the deepest water. Changes in the sound
velocity profile will not only affect acoustic distance measurements but can also cause
refraction or bending of the sonar path as it passes through layers in the water column at
different velocities. Because the velocity of sound is directly related to the density and
temperature of water, changes in the sound velocity profile are expected to occur in the
LDW due to the mixing of fresh and salt water during tidal changes. For this survey, an AML
BaseXz sound velocity profiler, or equivalent, will be used to directly measure sound velocity
profiles (SVP) of the water column. It is anticipated that the SVP will have spatial and
temporal variation. To account for spatial variation, the LDW will be divided into
subsections. The size of the survey subsections will be determined at the time of surveying
by collecting SVP data and adjusting the length of a subsection so that similar results are
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obtained at each end. Temporal change will be addressed by taking SVP measurements as
the subsection is surveyed. Initial SVP measurements will be taken at least hourly through at
least one complete tidal cycle. Subsequent measurements may be extended to every

2 hours, at the discretion of the lead hydrographer, based on the tidal cycle and observed
measurement differences.

To confirm alignment of the sensor data with the sonar swath and verify delay times applied
to the time-tagged sensor data, a patch test will be conducted. A patch test is a series of
lines run in a specific pattern that are used in pairs to analyze roll, pitch, and heading
alignment angles with the sonar swath, as well as latency (time delays) in the time tagging
of the sensor data. A bar check and lead line check will be conducted to confirm draft of the
sonar head. These tests will be conducted at the beginning and end of the survey and any
time there are changes in the instrument configuration.

Data acquisition involves setting the motion sensor to the survey conditions and running
slow, uniform lines in a systematic pattern. Adjustments will be made to scale and gain
settings, as required, to maximize resolution of the survey.

During the survey, preliminary multibeam bathymetric data will be displayed in real-time on
the HyPack computer. Pixels color-coded by depth will be drawn on screen, showing the
coverage and agreement between adjacent swaths.

The high-resolution multibeam sonar system will be used during data acquisition for the
vast majority of the site. In shallow areas (i.e., water depths less than 8 feet deep at high
tide, a single-beam sonar system will be used in lieu of the multibeam), due to limitations of
the multibeam system in shallow water depths. Examples of these areas might include:
shorelines with low-angle slopes that prevent the vessel from getting close to the actual
edge-of-water, inter-tidal mudflats, and shallow Green River areas above the turning

basin. Line spacing for single-beam transects (if used) will be kept small (as determined by
the field operations manager, based on survey vessel safe access and size of the area) to
develop accurate modeling of the sediment contours. Bathymetry data acquisition will be
strategically planned to collect shallow-water data during daily high tide events to maximize
the amount of high-resolution multibeam sonar coverage of the project area. Deeper, mid-
channel multibeam bathymetry can be collected during any tidal state and will be the focus of
data collection efforts during low tides.
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3.2.5 Survey Schedule

It is anticipated that the bathymetric survey will be conducted in April 2019, and field work
is expected to require approximately 8 days, subject to factors such as tide conditions and
interference from larger vessels. Within the planned bathymetric survey period, the surveyor
will return to an incomplete coverage area if a moored vessel is moved to provide survey
vessel access. The survey results will be used by subsequent documents, such as the PDI Work
Plan. Any deviations from this QAPP in acquiring the bathymetric data will be noted in the
bathymetric survey data report, which will be submitted as part of the PDI Data Evaluation
Report.

3.3 Data Processing Methods

Post-processing of multibeam data will be completed using HyPack HySweep multibeam
editing and analysis software. Patch test data will be analyzed and any alignment corrections
will be applied. Water-level data will be verified and applied to adjust all depth
measurements to MLLW. A sound velocity profile will be generated from the AML SVP
measurements taken in the field and used to correct slant range measurements and
compensate for ray path bending.

Processing will begin with review of each survey line using the HySweep swath editor.
Verified water surface correctors will be applied to the data set at this time. Position and
sensor data will be reviewed and accepted, if no outliers are present, or removed if
erroneous data are observed. Sounding data will be reviewed and edited for data flyers such
as bottom multiples, returns from pilings and passing vessel wakes. These data points will be
removed and will not be used as part of the final data set. Sounding data, including sonar
beams reflecting from sediment in the water column or noise due to aeration in the water
column, will be carefully reviewed to determine if these data points should be removed.

After swath editing, all data will be reviewed through the HySweep'’s area-based editing
tools to ensure no flyers remained in the data set. In the HySweep editor, a set of lines will
be reviewed together for line-to-line comparison to ensure agreement to one another.

To take advantage of the level of detail the multibeam survey will provide, a 1-foot
resolution sun-illuminated model and 1-foot gridded data set will be exported from
HySweep. This gridding process will use an inverse weighted mean of all soundings within a
1-foot by 1-foot cell. The 1-foot grid size will allow for comparisons with previous
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bathymetric surveys that were conducted with similar high-resolution methods, in order to
interpret the possibility of shoaling or scouring. All original data will be archived at full
resolution. The cross-line analysis for selected soundings will be performed on the data set
at this stage. The sun-illuminated images will be reviewed for survey coverage and analyzed
to determine if subtle artifacts remain in the data set, which may require further processing.
The sun-illuminated plots will be exported as a georeferenced TIFF file that can be imported
into AutoCAD or any GIS program for final presentation and plotting.

Export of accepted multibeam data will be imported into TerraModel software for
generation of a DTM, from which contours will be generated.

3.4 Quality Control

The acquisition system and survey protocols are designed with some redundancy to
demonstrate that the required accuracy is being achieved during the survey and to provide
a backup to primary systems. Data integrity will be monitored throughout the survey by
redundant system comparisons and checks against known values. All raw data are recorded
to allow for adjustments to be made to any of the data during postprocessing, based on the
results of comparisons and checks. Sound velocity and tide correctors can be modified at
any time during processing. Data removed manually or through filtering will not be deleted,
and this approach allows for review of all data to confirm or disprove anomalies.

Positioning: Positions will be recorded and archived in WGS84 geographic coordinates and
projected onto NAD83/91 Washington North Zone coordinate system. A geodetic control
survey will be conducted to provide positions for monuments within the study area. A
position confidence check will be conducted daily on a monument that is accessible from
the water. The check will consist of placement of an RTK GPS antenna over a project survey
control monument. The obtained position will be compared to the surveyed value to assure
the target horizontal and vertical accuracies are being obtained.

Tides: RTK GPS derived heights will be checked daily during the position checks. In addition,
staff gauge observations will be made and compared to RTK GPS derived water elevations
twice per day. Backup tidal observations from the NOAA automated gauge and the NWH-
deployed automated gauge will be used to confirm and evaluate any anomalous data in the
RTK GPS tidal values.

Pre-Design Surveys
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Sonar draft:

e A bar check will be conducted at the beginning and end of the project to confirm
multibeam and single-beam® (if used) sonar draft below the water line. A bar will be
lowered below the sonar to specific intervals below the water surface using calibrated
marks on the attached chain.

e Sonar draft marks will be observed with the vessel trimmed to zero roll angle to
confirm the static draft of the sonar.

e A comparison of multibeam and single-beam depth soundings will be performed at
the beginning and end of the project to confirm multibeam and single-beam sonar
draft below the water line in conformance with the Hydrographic Surveying
Engineering Manuals (USACE 2013).

e Aleadline depth observation will be made at the beginning and end of the project to
confirm multibeam and single-beam sonar draft and sound velocity observations.

Motion sensor, positioning system latency, and vessel heading calibration: A patch test
will be conducted at the beginning and end of the project to confirm that the sensor
mounting angles and timing bias are correctly applied to multibeam sonar data.

Cross-line analysis: A cross-line analysis will be conducted across the full width of the
survey, when there is sufficient water depth, to confirm that the beams used meet target
accuracy. In addition, single-beam comparison lines will be run in shallow water along the
shoreline to confirm accuracy of outer beams. In areas of shallow water (i.e., less than 8-foot
depth), cross-line analysis will be used for verification in conformance with the Hydrographic
Surveying Engineering Manual (USACE 2013).

Sun-illuminated analysis: A sun-illuminated image will be generated from a DTM of the
accepted bathymetric data set. The image will be reviewed for anomalous data and

consistency between adjacent sonar swaths.

3.5 Instrument/Equipment Testing, Inspection, and
Maintenance

Prior to mobilization, the survey vessel and equipment will be inspected and confirmed to
be in operating order. The vessel is inspected and maintained daily by the vessel operator.

6 Some selected single-beam lines may be run to confirm multibeam measurements.
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During mobilization, instrumentation will be tested and system performance testing will be
conducted. Performance testing will include a bar check, patch test, leadline comparison to
multibeam, single-beam echosounder comparison to multibeam, and position confidence
check.

3.6 Instrument/Equipment Calibration and Frequency

Equipment calibration is verified through system performance testing (e.g., bar checks,
position checks, staff or automated gauge comparison, multibeam patch test, leadline
comparison, single beam comparison, and cross-line analysis). The exception is the AML SVP
profiler, which is calibrated prior to the survey, verified with a pre- and post-survey bar
check, and compared weekly to an independent temperature sensor.

Frequency of observations is as follows:

e Bar check, sonar draft mark observations, leadline and single beam comparison:
beginning and end of project or any change in sonar mounting

e Position checks: daily

e Staff or automated gauge comparison: three times daily

e SVP profile: minimum of twice daily

e Multibeam patch test: beginning and end of project or any change in instrumentation

e Cross-line analysis: once per project

3.7 Inspection/Acceptance of Supplies and Consumables

No significant consumables are required because all data are digitally recorded. The survey
vessel is equipped with survey log forms for survey documentation and a supply of solid
state external hard-drives for data backup.

3.8 Non-Direct Measurements

The geodetic control survey will be based on existing monuments with published positions
and elevations. Horizontal positions and elevations based on the North American Vertical
Datum of 1988 will be based on National Geodetic Survey published monuments. MLLW
elevations along the LDW will be based on NOAA tidal benchmarks at Station 9447130,
Seattle, Washington, and the USACE tide datum at Station 92 on the LDW.
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3.9 Data Management

Data from the survey vessel will be backed up to solid-state external hard drives at the end
of each survey day. Data will not be removed from the acquisition computers until they have
been loaded and verified on archived NWH data server located in the home office.
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4 Assessment and Oversight

4.1 Assessments and Response Actions

EPA or its designees may observe the survey, as needed. If situations arise wherein there is a
significant inability to follow the QAPP methods precisely, the NWH field operations
manager will coordinate with the Anchor QEA project manager to determine the
appropriate actions and consult with EPA if the issue is significant. No field audits are
proposed for this work. The NWH field operations manager will audit system checks and
sun-illuminated imagery during post-processing. True North will perform QA on the
complete scope of the bathymetric survey.

4.2 Reports to Management

Primary communications will be through the NWH field operations manager and the
Anchor QEA project manager. This correspondence will primarily consist of emails sent every
evening during survey operations, which will include coverage images, general overview of
survey progress, and any problems encountered during surveying. Anchor QEA will send
copies of all communication to the King County project manager and LDWG.
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5 Data Validation and Usability

5.1 Data Review, Verification, and Validation

Data will be reviewed and verified by evaluation of sun-illuminated imagery, cross-line
analysis, comparison of multibeam data to redundant depth measurement techniques and
comparison to adjacent soundings.

5.2 \Verification and Validation Methods

Verification of multibeam data will be performed by comparison to intersecting and
overlapping swath soundings, single-beam data, and (in areas of firm material) leadline
soundings. Patch test data will be analyzed and a cross-line analysis will be performed to
document the system performance. In areas where only single-beam surveying is possible
(e.g., where water depth is insufficient for effective multibeam survey), cross-line analysis will
be used for verification in conformance with the Hydrographic Surveying Engineering
Manual (USACE 2013).

Sun-illuminated images will be reviewed for anomalous data and inconsistency between
adjacent sonar swaths. Artifacts in the image will be investigated in HyPack HySweep editor
by comparing the data to adjacent soundings and swaths.

5.3 Reconciliation with Data Quality Objectives

Data quality objectives for accuracy will be achieved by meeting the target horizontal and
vertical accuracies at a 95% confidence level for the survey. Methods outlined in Sections 3.5,
3.7, and 5.2, will verify that the target accuracies are being obtained. Other data quality
indicators, including completeness, representativeness, and precision, will be evaluated with
a color-by-depth, sun-illuminated, coverage image generated in HyPack HySweep. This
image processing system provides tools for data quality review (i.e., swath-to-swath
comparison, 3D presentation color-coded by swath, etc.). Final review by the lead
hydrographer will include the evaluation of sun-illuminated images for artifacts from system
bias, and comparison to prior surveys.

Table 3 summarizes the key targets and related datums for the bathymetric survey.
Horizontal accuracy of the survey is affected by several factors, including the positioning
accuracy of the survey vessel and factors that can affect sonar data acquisition, such as
vessel heave, pitch, and roll and signal interferences.
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Table 3
Key Targets and Related Datums

Description

Quantity or Datum

Horizontal Positioning Accuracy

1.6 feet minimum

Horizontal Survey Accuracy

3 feet at a 95% confidence interval

Horizontal Datum

NAD83/91 Washington North Zone

Vertical Survey Accuracy

+/- 0.5 feet at a 95% confidence interval

Vertical Datum

MLLW

Lower Duwamish Waterway Group
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Appendix A. Health and Safety Plan

By their signature, the undersigned certify that this Health and Safety Plan (HASP) is
approved and that it will be used to govern health and safety aspects of fieldwork described

in the Quality Assurance Project Plan to which it is attached.

’M(wg u/ajﬁwy

Tom Wang d
Anchor QEA, LLC, Project Manager

O ( / C(

Chris Torell
Anchor QEA, LLC, Corporate Health and Safety
Manager

James Glaeser

Northwest Hydro, Inc, Field Operations
Manager/Health and Safety Officer
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Date

April 10, 2019
Date
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Date
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ACRONYMS

CPR cardiopulmonary resuscitation

EPA US Environmental Protection Agency

FOM Field Operations Manager

HAZMAT hazardous materials

HAZWOPER Hazardous Waste Operations and Emergency Response
HSM Project Health and Safety Manager

HSO Field Health and Safety Officer

HASP health and safety plan

LDW Lower Duwamish Waterway

NWH Northwest Hydro, Inc.

OSHA Occupational Safety and Health Administration
PFD personal flotation device

PM project manager

PPE personal protective equipment

TNLS True North Land Surveying, Inc.

USCG United States Coast Guard

VHF very high frequency

WAC Washington Administrative Code
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A.1.0 Introduction

This site-specific health and safety plan (HASP) describes safe working practices for
conducting field activities at potentially hazardous sites. This HASP is consistent with the
relevant elements of Washington Administrative Code (WAC) 296-843. The goal of the HASP
is to establish procedures for safe working practices for all field personnel.

This HASP addresses activities associated with collection of bathymetric data in the Lower
Duwamish Waterway (LDW). During site work, this HASP will be implemented by the
Northwest Hydro, Inc. (NWH), Field Operations Manager (FOM), who is also the designated
site Health and Safety Officer (HSO), in cooperation with the Corporate Health and Safety
Manager (HSM). Anchor QEA has overall responsibility for the remedial design and project
management responsibility for the bathymetric survey. Field operations for bathymetric
surveying will be performed by NWH, and upland survey control points will be established by
True North Land Surveying, Inc. (TNLS). Anchor QEA personnel will not be present during field
activities. NWH and TNLS are responsible for their respective employees’ safety in the field.

All personnel involved in fieldwork on this project are required to comply with this HASP.
The contents of this HASP reflect anticipation of the types of activities to be performed,
knowledge of the physical characteristics of the site, and consideration of preliminary
chemical data from previous investigations at the site. The HASP may be revised based on
new information and/or changed conditions during site activities. Revisions will be
documented in the project records.

A.2.0 Site Description and Project Scope

The surveying area is in the LDW (see Figure 1 in the attached QAPP). The area is affected by
tidal fluctuations. The QAPP to which this HASP is attached provides complete details of the
bathymetric survey. The survey will be conducted using an 8-meter aluminum vessel, as
described in the QAPP. The duration of the survey is expected to be approximately 8 days.

A.3.0 Health and Safety Personnel

Key health and safety personnel and their responsibilities are described below. These
individuals are responsible for the implementation of this HASP.
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Anchor QEA Project Manager: The PM has overall responsibility for the successful outcome
of the project. The PM will ensure that adequate resources and budget are provided for the
health and safety staff to carry out their responsibilities during fieldwork.

NWH Field Operations Manager/Health and Safety Officer: Because of the limited scope
and duration of fieldwork, the NWH FOM and HSO will be the same person. The FOM/HSO
will direct field surveying activities, coordinate the technical components of the field
program with health and safety components, and ensure that work is performed according
to the QAPP.

The FOM/HSO will implement this HASP at the work location and will be responsible for all
health and safety activities and the delegation of duties to a health and safety technician in
the field, if appropriate. The FOM/HSO also has stop-work authority, to be used if there is an
imminent safety hazard or potentially dangerous situation. The FOM/HSO or his designee
shall be present during surveying operations.

Anchor QEA Corporate Health and Safety Manager: The HSM has overall responsibility for
preparation, approval, and revisions of this HASP. The HSM will not be present during
fieldwork, but will be readily available, if required, for consultation regarding health and
safety issues during fieldwork.

Field Crew: All field crew members must be familiar with and comply with the information
in this HASP. They also have the responsibility to report any potentially unsafe or hazardous
conditions to the FOM/HSO immediately.

A.4.0 Hazard Evaluation and Control Measures

This section covers potential physical and chemical hazards that may be associated with the
proposed project activities and presents control measures for addressing these hazards. The
activity hazard analysis, Section A.4.3, lists the potential hazards associated with each site
activity and the recommended site control to be used to minimize each potential hazard.

Confined space entry will not be necessary for this project. Therefore, hazards associated
with this activity are not discussed in this HASP.
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A41 Physical Hazards

For this project, it is anticipated that physical hazards will present a greater risk of injury
than chemical hazards. Chemical hazards are not present during the bathymetric surveying,
as explained in Section A.4.2. Physical hazards are identified and discussed below.

A4.1.1 Slips, Trips, and Falls

As with all fieldwork sites, caution should be exercised to prevent slips on slick surfaces. In
particular, surveying from a boat or other floating platform requires careful attention to
minimize the risk of falling down or of falling overboard. The same care should be used in
rainy conditions or on the shoreline where slick rocks are found. Slips will be minimized by
wearing boots with good tread, made of material that does not become overly slippery
when wet.

Trips are always a hazard on the uneven deck of a boat, in a cluttered work area, or in the
intertidal zone where uneven substrate is common. Personnel will keep work areas as free as
possible from items that interfere with walking.

Falls may be avoided by working as far from exposed edges as possible, by erecting railings,
and by using fall protection when working on elevated platforms. For this project, no work is
anticipated that would present a fall hazard. However, some of the surveying will be done
from a boat. As with any work from a floating platform, there is a chance of falling
overboard. Personal flotation devices (PFDs) will be worn while working on deck or working
from an open boat. PFDs need not be worn while working inside an enclosed cabin, but
must be readily available when going on deck from the cabin area. An individual in the
water shall be considered a “person overboard” and appropriate rescue actions shall be
taken immediately to prevent hypothermia.

A4.1.2  Manual Lifting

Equipment must be lifted and carried. Back strain can result if lifting is done improperly.
During any manual handling tasks, personnel should lift with the load supported by their
legs and not their backs. For heavy loads, an adequate number of people will be used, or if
possible, a mechanical lifting/handling device will be used.
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A4.1.3 Heat Stress, Hypothermia, or Frostbite

Surveying operations and conditions that might result in the occurrence of heat stress or
frostbite are not anticipated. The surveying will occur during the time of year when extreme
weather conditions are not expected to occur. Nonetheless, the vessel crew and other
personnel shall have adequate clothing and foul-weather gear in their possession prior to
vessel departure. Hypothermia is a potential hazardous condition for a crewmember who
falls into the water.

Hypothermia is characterized by pain in the extremities and loss of manual dexterity, with
severe, uncontrollable shivering, and an inability to maintain the level of activity. Symptoms
include excessive fatigue, drowsiness, irritability, or euphoria. Severe hypothermia includes
clouded consciousness, low blood pressure, pupil dilation, cessation of shivering,
unconsciousness, and possible death.

Move the individual to a warm, dry place. If the individual's clothing is wet, remove it and
replace it with dry clothing. Keep the individual warm. Rewarming the individual should be
gradual to avoid stroke symptoms. Dehydration, or the loss of body fluids, may result in a
cold injury due to a significant change in blood flow to the extremities. If the individual is
conscious and alert, warm sweet liquids should be provided. Coffee and other caffeinated
liquids should be avoided because of diuretic and circulatory effects. Extremities affected by
frostbite should be gradually warmed and returned to normal temperature. Moist
compresses should be applied; begin with lukewarm compresses and slowly increase the
temperature as changes in skin temperature are detected. Keep the individual warm and
calm and move to a medical facility as soon as possible.

A4.1.4 Weather

In general, field team members will be equipped for the normal range of weather
conditions. Work shall be preceded by an evaluation of weather reports and conditions by
the FOM/HSO and vessel pilot to ascertain that safe working conditions exist and safe
refuge of personnel is assured. An alternate safe harbor shall be designated for emergency
situations. Field personnel shall maintain monitoring of the local area weather broadcasts or
other readily available weather forecasting services. Some conditions that might force work
stoppage are electrical storms, high winds, or high waves resulting from winds.
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A4.1.5 Boating Operations

The following precautions shall be taken when conducting boating trailer and launch

activities. These procedures are provided as a reference; NWH will follow their own internal

boating safety procedures and consider the procedures below.

Follow the trailer and boat manufacturers’ instructions for securing the boat to the
trailer.

Follow the trailer manufacturer's instructions for securing the trailer to the towing
vehicle.

Prohibit site personnel from moving into trailer/vehicle pinch points without advising
the vehicle operator.

Use experienced operators when backing trailers on boat ramps.

Wear proper work gloves when the possibility of pinching or other injury may be
caused by moving or handling large or heavy objects.

Maintain all equipment in a safe condition.

Launch boats one at a time to avoid collisions.

Use a spotter for vehicles backing boats to the launch area.

Understand and review hand signals.

Wear boots with non-slip soles when launching boats.

Wear USCG-approved PFDs when working within 10 feet of the water.

Keep ropes and lines coiled and stowed to eliminate trip hazards.

Maintain three-point contact on dock/pier or boat ladders.

Verify that drain plugs are in place.

The following precautions shall be followed when conducting boating operations:

Lower Duwamish Waterway Group

Maintain a current boater’s license(s) as required.

Wear USCG-approved PFDs for work activities within 10 feet of the water.

Obtain and review information regarding dams that may be present in work areas,
particularly with regard to "no boating” zones and safety buoys, cables, and warning
signage.

Maintain boat anchorage devices commensurate with anticipated currents, distance
to shore, and water depths.

Provide a floating ring buoy in the immediate boat launch/landing areas with at least
60 feet (18.3 meters) of line for a vessel less than 65 feet (19.8 meters) in length, or
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90 feet (27.4 meters) of line for a vessel 65 feet (19.8 meters) or greater in length (see
https://www.law.cornell.edu/cfr/text/46/117.70 for more information).

e Step into the center of the boat.

e Keep your weight low when moving on the boat.

e Move slowly and deliberately.

e Steer directly across other boat wakes at a 90-degree angle to avoid capsizing.

e Steer the boat facing forward.

e Watch for floating objects in the water.

¢ Right-of-way is yielded to vessels on your boat's right, or starboard, and vessels with
limited ability to maneuver such as any wind-propelled vessel.

The following precautions shall be followed when working on a boat:

e Observe proper lifting techniques.
e Wear USCG-approved PFDs for work activities within 10 feet of the water.

The safety-related items listed in Table A-1 shall be available when conducting boating
operations.
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Table A-1
Safety equipment specific to in-water work

Additional Safety Equipment for Sampling Vessel per U.S. Coast Guard Requirements

o Proper vessel registration, numbering, and documentation (registered with state, certificate of vessel
registration number displayed, and carrying a valid certificate of number)

o USCG-approved personal flotation devices (PFDs; or life jackets) for every person on the sampling
vessel (Type |, I, I, or V are required). High-visibility required by Anchor QEA.

o Appropriate, non-expired, visual distress devices for day and night use from the following:
- Three hand-held red flares (day and night), or
- One hand-held red flare and two parachute flares (day and night), or
- One hand-held orange smoke signal, two floating orange smoke signals (day), and one electric

distress light (night only)

o Alternate means of propulsion (oars or paddles)

o Dewatering device (pump or bailer)

o Properly maintained and inspected USCG-approved fire extinguishers (no fixed system = (2) B-1 or
(1) B-2 type extinguishers; fixed system = (1) B-1 type extinguisher)

e Proper ventilation of gasoline-powered vessels

e Sound-producing device (whistle, bell, or horn)

e VHF 2-way radio

e Proper navigational light display

o Throwable life ring with attached line (any vessel larger than 16 feet is required to carry one Type IV
[throwable] PFD)

Additional USCG Recommended Equipment Includes:

o Extra visual distress signals e Boat hook

e Primary and spare anchor e Spare propeller
e Heaving line e Mooring line

o Fenders e Food and water
o First aid kit e Binoculars

o Flashlight o Spare batteries

e Mirror e Sunglasses

e Searchlight e Marine hardware
e Sunburn lotion o Extra clothing

o Tool kit e Spare parts

o Spare fuel e Pertinent navigational chart(s) and compass
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A4.16 Working in a Roadway

These procedures are provided as reference; NWH will follow their own internal safety
procedures for working in a roadway and consider the procedures below:

e Plan and conduct work in a manner that traffic may be continuously observed. This
may require having a spotter equipped with a noise-making device such as an air
horn or a whistle, as appropriate.

e Wear a high-visibility traffic vest and hardhat when a vehicle hazard exists. Include
lighted elements when possible in high-hazard environments.

e Use cones, flag-mounted cones, caution tape, and/or barricades.

e Protect the work area with a vehicle or piece of heavy equipment if this does not pose
an additional hazard. The vehicle should have a strobe light and operating headlights
or running lights (if equipped).

A4.2 Chemical Hazards

Previous investigations have shown that some chemical substances are present at higher-
than-background concentrations in sediments from the surveying area. However, no direct
or indirect contact with contaminated sediments is expected during this survey. The survey
vessel will be launched from a concrete boat ramp or outside of the site, and once on site,
personnel will not contact sediment or bring sediment onto the vessel. If a person falls
overboard, the water depth should prevent contact with sediment and the person will be
rescued to the boat. Swimming to shore should be avoided. Previous investigations
determined that surface water does not present an acute health hazard. Public boating
access in the study area is unrestricted. Consequently, no chemical hazards are expected.

A43 Activity Hazard Analysis

The activity hazard analysis summarizes the field activities to be performed during the
project, outlines the hazards associated with each activity, and presents controls that can
reduce or eliminate the risk of the hazard occurring.

Table A-2 presents the activity hazard analysis for conducting the bathymetric survey from
the surveying vessel.

Lower Duwamish Waterway Group Health and Safety Plan

Port of Seattle / City of Seattle / King County / The Boeing Company D_37 | Aprll 2019



Table A-2
Activity hazard analysis

Activity Hazard Control
Surveying from a Falling overboard Use care in boarding/departing from vessel.
boat Deploy and recover the sonar head according to

protocols specified in the QAPP and by the
vessel captain. Wear PFD when on deck. Follow
safe work practices related to vessel operations
specified in Section A.6.0.

Launching a boat Physical injury from | Follow procedures outlined in Section A.4.1.5 for
moving heavy safely launching a boat from a trailer.
equipment
Accessing survey Vehicular traffic Wear high-visibility clothing and remain aware
control points of traffic while on the roadside. Refer to Section
A416

A.5.0 Work Zones and Shipboard Access Control

Because no direct contact with contaminated media is expected and no physical sample
collection or processing will occur, there will be no designated work zone to which access
must be controlled. Security and control of access to the boat will be the responsibility of the
FOM/HSO and boat captain. Boat access will be granted only to necessary project personnel
and authorized visitors. Visitors will be provided a copy of the HASP, a briefing on the project
and related health and safety requirements, and an opportunity to ask questions about the
HASP, and they will be required to sign the acknowledgement in Attachment A.1. Any
security or access control problems will be reported to the client or appropriate authorities.

A.6.0 Safe Work Practices

Due to the nature of the survey, safe work practices are primarily related to vessel
operations. All employees actively working on projects involving vessel operations will be
thoroughly trained in the applicable safety, underway, docking, fueling, and various
necessary operational procedures. The minimum responsibilities of the vessel crew members

are as follows:

1. During all vessel operations the boat captain is in charge and takes full responsibility for
safe operation of the vessel.

2. All vessel operators shall have adequate knowledge of the US Coast Guard (USCG)
regulations, “Rules of The Road” and shall be approved for vessel operation by the FOM.
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10.

11.

12.

Lower Duwamish Waterway Group

Vessels over 20 feet shall be inspected annually by a qualified marine surveyor to
ensure structural integrity and safe operating conditions exist. Records of inspections
shall be maintained on the vessel for vessels over 20 feet and shall be available to the
designated authority.

When the vessel is brought onto a job site, it shall be inspected and tested by the vessel
crew and determined to be in safe operating condition prior to the initiation of
prescribed work.

Any vessel found to be in an unsafe condition shall be taken out of service and its use
prohibited until the specified unsafe conditions have been corrected.

Prior to vessel departure from the dock, all onboard personnel shall be familiar with
their duties and responsibilities in the event of an emergency, and the location of the
vessel's emergency first-aid and firefighting equipment, as verbally communicated by a
qualified member of the vessel crew.

All vessels shall be equipped with a PFD for each person onboard, a VHF marine radio
and all USCG required safety equipment.

Navigation lights, radar systems, radios, depth sounders, and other navigational
equipment shall be operated, inspected, and recorded each week and prior to each job
by qualified personnel to ensure their proper operation.

A detailed daily work schedule that includes the approximate times, site locations,
access points and other pertinent information necessary to locate crew members in the
event of emergency, will be filed with the local field office or appropriate shore-side
personnel.

Prior to departure from the dock, the vessel's fuel capacity will be checked to ensure
adequate fuel is available to complete the day’'s work and maintain sufficient fuel
reserves to allow for a reasonable margin of safety.

Fuel used on the outbound trip to assigned work areas shall not exceed one-third of the
total fuel reserves. The pilot shall monitor fuel consumption throughout the work day
and begin the inbound transit when remaining fuel reserves approach 150% of the fuel
quantity used during the outbound transit.

Coast Guard approved PFDs shall be worn by all personnel when on deck or in an open
vessel, regardless of other safety devices utilized. All safety devices must be inspected
for defects prior to each use and those found to be defective replaced immediately.
PFDs need not be worn while working inside an enclosed cabin, but must be readily
available when going on deck from the cabin area.

Health and Safety Plan
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13. Additional emergency/rescue equipment onboard vessels will include, but not be
limited to, throw rings, throw ropes, dye markers, strobes, flares, boat hooks, and other
safety equipment required by the USCG.

14. Vessel fuel valves shall be in the closed position when shutting down boat operations
for the night or more than 8 hours.

15. Smoking shall be prohibited on the boat at all times and/or within 20 feet of fuel tanks.

16. A minimum of one 10-pound A-B-C fire extinguisher will be properly certified,
maintained, and located conspicuously onboard all motor-driven vessels.

17. Work areas and access-ways shall be kept clean and clear of obstructions at all times.

18. A proper watch shall be maintained in order to avoid other vessels, floating debris,
deadheads, and other obstructions.

19. When conducting night operations or working in reduced visibility, proper navigation
lights shall be displayed, a safe speed (as warranted by the conditions) shall not be
exceeded, and a proper watch shall be posted.

Other general safety rules will also be followed on site:

1. Do not climb over or under obstacles of questionable stability
Work only in well-lighted spaces
Make eye contact with equipment operators when moving within the range of their
equipment
4. Be aware of the movements of shipboard equipment when not in the operator's range
of vision
Get immediate first aid for all cuts, scratches, abrasions, or other minor injuries
Always use the buddy system
Be alert to your own and other workers’ physical condition
Report all accidents, no matter how minor, to the FOM/HSO

© ® N o w

Do not do anything dangerous or unwise even if ordered by a supervisor

A.7.0 Personal Protective Equipment and Safety
Equipment

Appropriate PPE will be worn as protection against potential hazards. There are no chemical
hazards associated with the surveying activities for the reasons presented in Section A.4.2.

Therefore, there are no requirements for chemically resistant gloves or coveralls. For this
survey, a PFD is the only required PPE when working aboard the boat or within 10 feet of
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the water, and high-visibility clothing is required when accessing roadside survey control
points. In addition to PPE that will be worn by survey personnel, basic emergency and first
aid equipment will also be provided. Equipment for the field team will include:

1. A copy of this HASP
2. First aid kit adequate for the number of personnel

The FOM/HSO will ensure that the safety equipment is aboard. Equipment will be checked
daily to ensure its readiness for use.

A.8.0  Monitoring Procedures for Site Activities

For this project, the monitoring program will consist of all workers monitoring themselves
and their co-workers for signs that might indicate physical stress or illness. All personnel will
be instructed to look for and inform each other of any deleterious changes in their physical
or mental condition during the performance of all field activities. Examples of such changes
are as follows:

Headaches

Dizziness

Nausea

Symptoms of heat stress

Blurred vision

Cramps

Irritation of eyes, skin, or respiratory system

© N o vk W=

Changes in complexion or skin color

o

Changes in apparent motor coordination

—_
o

. Increased frequency of minor mistakes

—_—
-_—

. Excessive salivation or changes in papillary response

—_
N

. Changes in speech ability or speech pattern

—_
w

. Shivering

—_
NS

. Blue lips or fingernails

If any of these conditions develop, work shall be halted immediately and the affected
person(s) evaluated. If further assistance is needed, personnel at the local hospital will be
notified, and an ambulance will be summoned if the condition is thought to be serious. If
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the condition is the direct result of sample collection or handling activities, procedures will
be modified to address the problem.

A.9.0 Decontamination

There are no chemical hazards associated with the surveying activities for the reasons
presented in Section A.4.2. Therefore, no decontamination will be necessary.

A10.0 Disposal of Contaminated Materials

No contaminated materials will be generated during the conduct of this survey.

A11.0 Training Requirements

Project-specific training is described in Section 2.5 of the QAPP. Because no contact with
contaminated media is expected, HAZWOPER training for surveying personnel is not
required. At least one member of the field team must have first-aid and cardiopulmonary
resuscitation (CPR) training. Documentation of which individuals possess first-aid and CPR
training will be kept in the project health and safety files.

The FOM/HSO or a designee will provide project-specific training prior to the first day of
fieldwork and whenever new workers arrive. Field personnel will not be allowed to begin
work until project-specific training is completed and documented by the FOM/HSO.
Training will address the HASP and all health and safety issues and procedures pertinent to
field operations. Training will include, but not be limited to, the following topics:

e Activities that pose physical hazards, and actions to control the hazard
e Ship access control and procedure

e Use and limitations of PPE

e Emergency procedures

e Location of emergency equipment on the vessel

e Vessel safety practices

e Vessel evacuation and emergency procedures.

At the beginning of each day of work, the FOM/HSO will review with the team the activities
planned for the day, potential hazards associated with the work, and control measures.
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A.12.0 Medical Surveillance

A medical surveillance program conforming to the provisions of WAC 296-843-210 is not
necessary for field team members because they do not meet any of the four criteria outlined
in WAC 296-843-21005 for implementation of a medical surveillance program.

As described in Section A.8, employees will monitor themselves and each other of any
deleterious changes in their physical or mental condition during the performance of all field
activities.

A.13.0 Reporting and Record Keeping

Each member of the field crew will sign the HASP review form (see Attachment 1). If necessary,
accident/incident report forms and OSHA Form 200s will be completed by the FOM/HSO.

The FOM/HSO or a designee will note health- and safety-related details of the project in the
field logbook and record. The logbook must be bound, and the pages must be numbered
consecutively. Entries will be made with indelible ink. At a minimum, each day's entries must
include the following information:

1. Project name or location

2. Names of all personnel onboard

3.  Weather conditions

4. Type of fieldwork being performed

The person maintaining the entries will initial and date the bottom of each completed page.
Blank space at the bottom of an incompletely filled page will be lined out. Each day's entries
will begin on the first blank page after the previous workday's entries.

A14.0 Emergency Response Plan

As a result of the hazards onboard and the conditions under which operations will be
conducted, the potential exists for an emergency situation to occur. Emergencies may
include personal injury, fire, or explosion. OSHA regulations require that an emergency
response plan be available for use onboard to guide actions in emergency situations.

Onshore organizations will be relied upon to provide response in emergency situations. The
local fire department and ambulance service can provide timely response. Field personnel
will be responsible for identifying an emergency situation, providing first aid if applicable,
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notifying the appropriate personnel or agency, and evacuating any hazardous area.
Shipboard personnel will attempt to control only very minor hazards that could present an
emergency situation, such as a small fire, and will otherwise rely on outside emergency
response resources.

The following sections identify the onboard individual(s) who should be notified in case of
emergency, provide a list of emergency telephone numbers, offer guidance for particular
types of emergencies, and provide directions and a map for getting from any surveying
location to a hospital.

A14.1 Pre-Emergency Preparation

Before the start of field activities, the FOM/HSO will ensure that preparation has been made
in anticipation of emergencies. Preparatory actions include the following:

1. Meeting with the FOM/HSO and equipment handlers concerning the emergency
procedures in the event that a person is injured

2. A training session given by the FOM/HSO informing all field personnel of emergency
procedures, locations of emergency equipment and their use, and proper evacuation
procedures

3. A training session given by senior staff operating field equipment, to apprise field
personnel of operating procedures and specific risks associated with that equipment

4. Ensuring that field personnel are aware of the existence of the emergency response
plan in the HASP and ensuring that a copy of the HASP accompanies the field team

A14.2 Project Emergency Coordinator

The FOM/HSO will serve as the Project Emergency Coordinator in the event of an
emergency. He will designate his replacement for times when he is not onboard or is not
serving as the Project Emergency Coordinator. The designation will be noted in the logbook.
The Project Emergency Coordinator will be notified immediately when an emergency is
recognized. The Project Emergency Coordinator will be responsible for evaluating the
emergency situation, notifying the appropriate emergency response units, coordinating
access with those units, and directing interim actions onboard before the arrival of
emergency response units. The Project Emergency Coordinator will notify the HSM and the
Project Manager as soon as possible after initiating an emergency response action. The
Project Manager will have responsibility for notifying the client.
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A14.3 Emergency Response Contacts

All onboard personnel must know whom to notify in the event of an emergency situation,
even though the FOM/HSO has primary responsibility for notification. Table A-2 lists the
names and phone numbers for emergency response services and individuals.

Table A-2
Emergency response contacts

Contact Telephone Number

Emergency Numbers

Ambulance 911

Police 911

Fire 911
Harborview Medical Center (206) 323-3074

Emergency Responders
U.S. Coast Guard

Emergency (206) 286-5400

General information (206) 442-5295

UHF Channel 16

National Response Center (800) 424-8802

EPA (908) 321-6660

Washington State Department of Ecology — (206) 649-7000

Northwest Region Spill Response
(24-hour emergency line)

Emergency Contacts
King County Project Representative
Sonia-Lynn Abenojar (206) 477-5424 (office)
Project Manager

Tom Wang (206) 903-3314 (office)
(206) 465-0900 (cell)

Corporate Health and Safety Manager

Chris Torell (315) 414-2017 (office)
(315) 254-4954 (cell)
Field Operations Manager/Field Health and Site cellular telephone:
Safety Officer
James Glaeser (360) 241-7313
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A14.4  Recognition of Emergency Situations

Emergency situations will generally be recognizable by observation. An injury or iliness will
be considered an emergency if it requires treatment by a medical professional and cannot
be treated with simple first-aid techniques.

A14.5 Emergency Procedures Related to Vessel Operations

In deteriorating weather/sea conditions, radio the field office or USCG with your location,
direction of travel, and approximate speed before a dangerous situation can develop. In an
emergency, contact the USCG on VHF channel 16. Emergency VHF radio broadcasts should
be proceeded by “Pan-Pan, Pan-Pan, Pan-Pan” for non-life threatening emergencies and
“Mayday, Mayday, Mayday" for life threatening situations. Be prepared to provide your
vessel name, location and the nature of the emergency. Don life jackets and/or survival suits,
take necessary measures to prevent hypothermia, and wait for the search and rescue.

A14.6 Fire

Field personnel will attempt to control only small fires, should they occur. If an explosion
appears likely, personnel will follow evacuation procedures specified during the training
session. If a fire cannot be controlled with a fire extinguisher on board that is part of the
required safety equipment, personnel will either withdraw from the vicinity of the fire or
evacuate the boat as specified in the training session.

A14.7 Personal Injury

In the event of serious personal injury, including unconsciousness, possibility of broken
bones, severe bleeding or blood loss, burns, shock, or trauma, the first responder will
immediately do the following:

1. Administer first aid, if qualified

2. If not qualified, seek out an individual who is qualified to administer first aid, if time and
conditions permit

3. Notify the Project Emergency Coordinator of the incident, the name of the individual,
the location, and the nature of the injury

4. The Project Emergency Coordinator will immediately do the following:
Notify the boat captain and the appropriate emergency response organization.

6. Assist the injured individual.
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7. Follow the emergency procedures for retrieving or disposing equipment reviewed in the
training session and leave the site en route to the predetermined land-based
emergency pick-up.

Designate someone to accompany the injured individual to the hospital.

9. If a life-threatening emergency occurs, i.e., injury where death is imminent without
immediate treatment, the FOM/HSO or boat captain will call 911 and arrange to meet
the Medic One unit at the nearest accessible dock. Otherwise, for emergency injuries
that are not life threatening (i.e., sprains, minor lacerations, etc.) the Project Emergency
Coordinator will follow the procedures outlined above and proceed to the Harbor Island
Marina or to an alternative location of his choice if that would be more expedient.

10. Notify the HSM and the Project Manager.

If the Project Emergency Coordinator determines that emergency response is not necessary,
he or she may direct someone to transport the individual by vehicle to the nearest hospital.
Directions and a map showing the route to the hospital are in Section A.14.10.

If a worker leaves the boat to seek medical attention, another worker should accompany
them to the hospital. When in doubt about the severity of an injury or exposure, always seek
medical attention as a conservative approach, and notify the Project Emergency
Coordinator.

The Project Emergency Coordinator will have responsibility for completing all
accident/incident field reports, OSHA Form 200s, and other required follow-up forms.

A14.8  Overt Personal Exposure or Injury

No overt exposure to toxic materials is expected to occur. Accordingly, no emergency
procedures related to such exposure are required for this project.

A14.9  Spills and Spill Containment

No bulk chemicals or other materials subject to spillage are expected to be used during this
project. Accordingly, no spill containment procedure is required for this project.

A14.10 Emergency Route to the Hospital

The name, address, and telephone number of the hospital that will be used to provide
medical care is as follows:
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Harborview Medical Center
325 - 9th Avenue

Seattle, WA

(206) 323-3074

Directions from the vicinity of LDW to Harborview Medical Center are as follows:

Dock the vessel at the 1st Avenue S boat launch (Duwamish River Boat Ramp)

Drive east on S River Street
Turn left on 4th Avenue S

Turn left on E Marginal Way S
Turn right on S Michigan Street

Head north on I-5
Take the James Street exit

1
2
3
4
5
6. Look for entrance ramps to I-5 Northbound (left turn)
-
8
9. Turn right on James Street to 9th Avenue

1

1

—_ () N

. Turn right on 9th Avenue
. Emergency entrance will be two blocks south on the right
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Figure A
Hospital Route Map
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Attachment Al. Field Team Health and Safety Plan
Review

| have read a copy of the Health and Safety Plan, which covers field activities that will be
conducted to investigate potentially contaminated areas in the LDW. | understand the
health and safety requirements of the project, which are detailed in this Health and Safety

Plan.
Signature Date
Signature Date
Signature Date
Signature Date
Signature Date
Signature Date
Signature Date
Signature Date
Signature Date
Signature Date
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